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GENERAL INTRODUCTION 
Tillage is an important component of soil management for 
crop production in Iowa agriculture. With a trend towards 
monoculture and continuous row cropping, farmers are showing 
increased interest in tillage methods for conserving soil. 
Cropland in conservation tillage has been increasing and was 
estimated to account for 53% of the Iowa cropland in 1982 
(Conservation Tillage Information Center, 1984). 
Conservation tillage has several characteristics which 
make it an attractive alternative to conventional tillage. 
Residue is left on the soil surface which reduces erosion po­
tential. Row crops can be grown continuously on some soils 
and slopes without exceeding accepted rates of soil erosion 
loss. Fewer trips are required across the field which gen­
erally results in savings of fuel, labor, and machinery costs. 
Although the effects of conservation tillage on crop 
yields have been thoroughly investigated, there are virtually 
no data concerning tillage-induced changes on soil physical 
properties of clay loam soils like those in the Corn Belt 
(Gantzer and Blake, 1978). Tillage effects on soil fertility 
have generally been addressed as primary study objectives with 
changes in soil physical properties characteristically being 
addressed as secondary objectives. 
When root growth is not restricted by soil physical 
properties such as temperature and aeration, the main physical 
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factor controlling root growth appears to be soil strength 
(Barley and Greacen, 1967), which varies with bulk density 
and matric potential (Camp and Lund, 1968; Mirreh and Ketche-
son, 1973). Matric potential is dependent upon soil pore size 
and pore continuity at a given soil water content. Inferences 
about soil drainage and plant available water can be made from 
a knowledge of soil pore size distribution. This study sought 
to evaluate the effects of conservation and conventional till­
age on soil bulk density, soil strength, soil water retention, 
and pore size distribution. 
The study is presented in two sections, each containing 
a manuscript submitted to the Soil Science Society of America 
Journal for publication. The first, entitled "Tillage Effects 
on Bulk Density and Soil Strength of Two Mollisols" contains: 
Introduction, Materials and Methods, Results and Discussion, 
and references subsections. Figures and tables are 
included within the text on separate pages. The second sec­
tion, entitled "Tillage Effects of Soil Water Retention and 
Pore Size Distribution of Two Mollisols" contains the same 
subsection format used in Section 1. Figures and tables 
are also included in the text. 
These sections are followed by a summary and discussion 
of the results. Additional literature used in the General 
Introduction and the Summary and Conclusions is cited. 
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SECTION I. TILLAGE EFFECTS ON BULK DENSITY AND 
SOIL STRENGTH OF TWO MOLLISOLS 
4 
ABSTRACT 
A study was conducted to determine the effect of con­
servation and conventional tillage on soil bulk density and 
soil strength. Two locations, each having randomized block 
designs with 3 replications of continuous corn plots under 
no-tillage, reduced tillage, and conventional tillage, were 
used. One location, site 1, was in its second year of till­
age experimentation, while the other location, site 2, was 
in its eighth year. Undisturbed soil cores were obtained 
near the planted row at the 5.0 to 7.5 cm and 10.0 to 12.5 
cm depths when the corn was in the V3 growth stage. Gamma 
irradiation was used to determine bulk densities of the cores 
at field depths of 6.0, 7.5, 9.0, 10.5, and 12.0 cm. Soil 
strength was determined at depths of 5.0, 7.5, 10.0, and 
12.5 cm using a fall cone penetrometer. Strength was evalu­
ated at soil water matric potentials of 0, 19.51, and 39.22 
kPa. 
Tillage treatments did not have a statistically signifi­
cant effect on bulk density; however, patterns in bulk density 
due to tillage treatment were more evident at the 8-year site 
with reduced tillage > no-tillage > conventional tillage. 
Depth had a significant effect on bulk density. Bulk density 
increased with depth for the 3 tillage treatments at both 
sites. 
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Tillage treatments had significant effects on soil 
strength at site 2, but not at site 1. Matric potential and 
depth had significant effects on soil strength at both sites. 
Strength of soil at site 2 under reduced tillage was not sig­
nificantly different than for soils under no-tillage, but the 
soils under both of these tillage systems had greater and sig­
nificantly different soil strength than that observed for 
conventionally tilled soils. The pattern of differences in 
soil strength due to tillage treatment was the same at site 
1, but the differences were not statistically significant. 
Soil strength increased with decreased matric potential for 
the 3 tillage treatments at both sites. 
Neither bulk density nor soil strength of the soils under 
any of the tillage systems appeared to be large enough to have 
an appreciable inhibitory effect on plant root growth. 
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INTRODUCTION 
Conservation tillage systems may result in different 
soil physical properties than that which normally occurs for 
soils under conventional tillage systems being that the soil 
matrix undergoes less disturbance with conservation tillage. 
Concerns exist that continuous conservation tillage may cause 
densification of the soil resulting in soil bulk density (D^) 
and strength conditions which may be inhibitory to plant root 
growth. In tilled and untilled soil, soil strength appeared 
to be the main soil physical property controlling root growth 
(Ehlers et al., 1983). Soil strength increases with increasing 
bulk density and decreasing soil matric potential but not 
independently (Mirreh and Ketcheson, 1973). 
The results of continuous conventional and conservation 
tillage treatments on are not consistent and at times are 
contradictory. Some researchers (Gantzer and Blake, 1978; 
Pidgeon and Soane, 1977) have observed significant differ­
ences in between soils under conventional and conservation 
tillage treatments, while other researchers (Tollner et al., 
1984; Blevins et al., 1977; Shear and Moschler, 1959) have 
not found any significant differences. Regardless of tillage 
method, continuous tillage has been shown to result in in­
creased for tilled soils when compared to grassland soil 
Dj^ (Bauer and Black, 1981). 
Tillage effects on soil strength have not been as 
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extensively studied as tillage effects on D^. A variety of 
studies have examined soil penetrometer resistance (PR) mea­
surements in the field for soils under different tillage sys­
tems, with soils under conservation tillage consistently hav­
ing greater PR than soils under conventional tillage (Lind-
strom et al., 1984; Tollner et al., 1984; Pidgeon and Soane, 
1977). However, most studies concerning tillage effects on 
PR have not considered the effect of the soil water matric 
potential on the soil strength at the time of measurement 
although the relationship of soil water matric potential to 
soil strength is well documented (Ehlers et al., 1983; 
Mirreh and Ketcheson, 1973; Williams and Sheykewich, 1970). 
Since soil strength is highly dependent on soil water matric 
potential, PR measurements obtained when soil water condi­
tions are not controlled or closely monitored may be a result 
of tillage or residue effects on soil water conditions rather 
than an independent measure of tillage effects on soil 
strength. 
The objectives of this study were to evaluate the effects 
of conservation and conventional tillage on (1) bulk density 
and (2) soil strength over a range of matric potential for 
soils which had been exposed to continuous tillage treatments 
for relatively brief and extended time periods. 
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MATERIALS AND METHODS 
Experimental Measurements 
The research was conducted on soils from two established 
field sites of tillage experiments located near Ames, Iowa. 
The Lippert farm site (referred to as site 1) and the Agronomy 
and Agricultural Engineering Research Center site (referred 
to as site 2) were located 9 miles northwest and west, re­
spectively, of Ames. Site 1 had been in the same continuous 
tillage system for 2 years, while site 2 was in its 8th year 
of tillage treatments. The tillage process for each system 
at the two sites was not identical, but was consistent with 
practices followed in conventional, reduced, and no-tillage 
farming systems. The conventional tillage at both sites was 
a fall moldboard plowing followed by a spring discing. The 
reduced tillage consisted of a spring disc at site 1 and a 
fall chisel plowing followed by a spring disc at site 2. No-
tillage at site 1 utilized a flat no-till planting in previous 
rows, while at site 2, a 5-10 cm ridge planting in previous 
rows was used. Both sites were arranged in 3 randomized com­
plete blocks of conventional, reduced, and no-tillage treat­
ment plots. Individual tillage plots were 9.2 x 38 m at site 
1 and 27.5 x 91.5 m at site 2. The plots were in a continu­
ous corn rotation with 76 cm row spacing. 
Soils of the experimental area were a Canisteo series 
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(fine-loamy, mixed (calcareous), mesic, Typic Haplaquoll) at 
site 1 and a Nicollet series (fine-silty, mixed, mesic, Aquic 
Hapludoll) at site 2. Selected soil physical and chemical 
properties for the 5.0 to 12.5 cm soil depth are given in 
Table 1. Soil pH was determined for 1:1 soil:water suspen­
sions. Particle size analyses were determined by the pipette 
method (Walter et al., 1978). A Chittick apparatus was used 
in calcite and dolomite determinations (Boellstorff, 1978). 
Organic carbon was determined by the sulfuric acid-perman­
ganate method (Allisol, 1955). Organic matter content was 
calculated by multiplying organic carbon values by the "Van 
Bemmelen factor" of 1.724. 
Undisturbed soil cores 7.6 cm dia. by 7.6 cm 1 were ob­
tained with a Uhland core sampler (Blake, 1965) from the 5.0 
to 12.5 cm depth when the corn was in the V3 growth stage 
(Ritchie and Hanway, 1982). Soil cores were obtained between 
adjacent corn plants and 3.75 cm perpendicular from the row 
in the interrow region. Care was taken to not sample in rows 
adjacent to interrows where recent wheel traffic had occurred 
since wheel traffic can significantly alter the physical 
structure of the soil (Voorhees et al., 1978) and may diminish 
tillage effects (Voorhees, 1979). The soil cores were stored 
in plastic bags and refrigerated. Soil cores were obtained 
in the 1982 crop year at site 1 and the 1983 crop year at 
site 2. 
Table 1. Selected soil physical and chemical properties,for the 15,0 to 12.5 cm 
soil depth at site 1 and site 2 
Site Organic Organic 
no. pH Sand Silt Clay Calcite Dolomite carbon matter 
% 
1 7.7 35.5 36.5 28.0 0.7 1.3 3.5 5.9 
2 6.1 28.3 43.1 28.6 Trace Trace 3.0 5.2 
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Bulk density of the soil cores was determined using 
gamma irradiation (Gardner, 1955) at vertical distances of 
1.0, 2.5, 4.0, 5.5, and 7.0 cm from the top of the core, 
which corresponds to field soil depths of 6.0, 7.5, 9.0, 
10.5, and 12.0 cm. The effects of tillage on bulk density 
were evaluated using an analysis of variance where tillage 
treatment was the main effect and depth was the split plot 
effect. Bulk density was also determined by volume weight 
determination based on the core weight and the gravimetric 
water content of the soil. 
Concerns existed that friction which might occur between 
the soil core and the side wall of the sampler during soil 
core sampling could affect the soil bulk density. A test of 
the core sampling method was done by determining bulk density 
via gamma irradiation, parallel to the vertical plane of the 
core, starting at the center of the core and proceeding to the 
core perimeter in 0.5 cm increments. Several cores from each 
tillage treatment were examined. 
Each soil core was subsequently divided into two soil sub-
cores: 5.4 dia. by 2.5 cm 1 corresponding to field depths of 
5.0 to 7.5 cm and 10.0 to 12.5 cm. Bulk density was again 
determined by volume weight determination based on the subcore 
weight and the gravimetric water content of the surrounding 
soil. The soil sub cores gave soil surfaces at field depths 
of 5.0, 7.5, 10.0, and 12.5 cm. 
12 
Strength was determined at each soil surface using a fall 
cone penetrometer (Hansbo, 1957), Strength was evaluated at 
soil water matric potentials of 0, 19.61, and 39.22 kPa. The 
matric potentials chosen represent values at saturation and 
slightly above and below field capacity. The subcores were 
saturated by wetting from the bottom. Matric potential values 
of 19.61 and 39.22 kPa were attained using compressed air and 
fritted glass funnels (Richards, 1965). Five determinations 
of soil strength were made at each soil surface with the mean 
value taken for statistical analysis. Multiple determinations 
were used to reduce variability which might be present due to 
the soil strength determination being taken directly in a soil 
ped or between peds. A different soil subcore was used for 
each series of 5 determinations at each depth for each soil 
matric potential. 
Treatment effects on soil strength were evaluated using 
an analysis of variance where tillage treatment was the main 
effect, soil matric potential was the split plot effect, and 
depth was the split-split plot effect. Least significant dif­
ferences (LSD) were utilized, following a significant F-
statistic, to test for significant differences between treat-
mû-rt-H moa t\ C: 
13 
RESULTS AND DISCUSSION 
Results obtained from the volume weight and gamma irradia­
tion methods of bulk density (D^) determination were in close 
agreement. Tillage treatments did not have a statistically 
significant effect on D^ regardless of which method of D^ 
determination was used. Since gamma irradiation provided the 
most detailed information about D^, results from this method 
will be discussed. Changes in D^ with depth for the three 
tillage treatments are presented in Figure 1. Soil bulk 
density in the three tillage treatments at site 2 followed the 
pattern of reduced tillage D^ > no-tillage Dj^ > conventional 
tillage D^. Patterns in D^ for different tillage treatments 
were not as evident at site 1. Since site 1 was only in its 
2nd year of tillage, soil under conservation tillage may not 
have had time to attain a stabilized value of D^. Pidgeon 
and Soane (1977) reported that 3 years were required for soils 
under no-tillage to reach an equilibrium D^ after which no 
further changes in D^ were observed. 
Bulk density increased with depth for the 3 tillage treat­
ments at both sites. Not surprisingly, depth had a significant 
effect on D^. Means comparisons showing the pattern of statis­
tical significance are given in Table 2. Since D^ increased 
dramatically at both sites to a somewhat common D^ at the 12.0 
cm depth, suspicions arose that the increased density with 
depth might be an artifact of the sampling method. Wall 
14 
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Figure 1. Bulk density for 6 to 12 cm depth as affected by 
tillage treatments at site 1 and site 2 
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Table 2. Depth mean: Comparison of bulk density at site 
1 and site 2 
Depth 
(cm) N 
Bulk density (Mg/m^) 
Site 1 Site 2 
Mean (kPa) Mean (kPa) 
6.0 9 1.14 1.30 A 
7.5 9 1.22 B 1.35 B 
9.0 9 1.32 C 1.39 B 
10.5 9 1.41 D 1.42 C 
12.0 9 1.46 D 1.45 C 
^Different letters indicate statistical significance 
at the 0.05 level using least significant differences (LSD). 
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friction between the aluminum sleeve and soil during sampling 
might have been sufficient to cause densification of the soil 
with depth since more force would have been required to force 
the sleeve into the soil as the soil-wall contact area in­
creased. If this phenomenon were occurring, the soil would 
be expected to have increased near the sleeve wall com­
pared to the occurring through the core center. Determina­
tion of perpendicular to the horizontal plane in the cores 
indicated that does not appreciably change from the center 
to the perimeter of the soil cores. 
Changes in soil strength with depth for the three tillage 
treatments are presented in Figure 2. Tillage treatment had 
a significant effect on soil strength at site 2, but not at 
site 1. Matric potential and depth had significant effects 
on soil strength at both sites. Mean comparisons for the 
three tillage treatments are given in Table 3. Soil strength 
for soils at site 2 under reduced tillage was not significant­
ly different than soils under no-tillage, but the soils under 
these two tillage systems had significantly greater soil 
strengths than conventionally tilled soils. The pattern of 
differences in soil strength due to tillage treatment was 
essentially the same at both sites, but the magnitude of the 
differences was smaller for soils at site 1. 
Analysis of variance at each soil depth indicated tillage 
treatment did not have a significant effect on soil strength 
17 
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Figure 2. Soil strength for 5.0 to 12.5 cm depth as affected 
by tillage treatments at site 1 and site 2 
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Table 3. Tillage means comparison of soil strength at site 
1 and site 2 
Soil strength (kPa) 
Site 1 Site 2 
Till N Mean Mean 
R 36 80.51 91.20 A 
N 36 77.18 A 76.88 A 
C 36 60.61 A 55.51 B 
^Different letters indicate statistical significance 
at the 0.05 level using least significant differences (LSD). 
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at any depth for site 1. At site 2, tillage treatment had 
a significant effect on soil strength at the 7.5, 10.0, and 
12.5 cm depth. The pattern of statistical significance for 
mean comparisons are presented in Table 4 for the depths at 
site 2 which had significant F-statistics. The pattern of 
differences was the same as previously discussed. 
Soil strength generally increased with depth for the 
three tillage treatments at both sites (Figure 2). An obvious 
exception was a decrease in soil strength for soils under con­
ventional tillage at both sites as depth increased from 10.0 
to 12.5 cm. Bauder et al. (1981) reported an increase in 
penetrometer cone index values at the 10 cm depth compared 
to strength above or below this depth which could be inter­
preted as a traffic and/or tillage-induced pan. Since care 
was taken to sample in nonwheeled traffic areas, the increased 
soil strength at the 10 cm depth is very likely the result 
of a tillage-induced pan. The pan which appears to be forming 
at the 10 cm depth for the conventionally tilled soils still 
has soil strength values which are lower than the conservation 
tilled soils at the same depth. 
Soil strength increased with decreasing matric potential 
for the three tillage treatments at both sites. Tillage 
treatments at site 2 had significant F-statistics for matric 
potentials of 19.51 and 39.22 kPa, and a significant F-statis-
tic at the 0.10 level for 0 kPa. Tillage treatments at site 1 
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Table 4. Tillage means comparison of soil strength for the 
7.5, 10.0; and 12.5 cm depths at site 2 
Depth (cm) 
7.5 10.0 12.5 
Till N Mean (kPa) Mean (kPa) Mean (kPa) 
R 9 89.91 104.83 A 107.09 A 
N 9 58.25 A 88.16 AB 87.18 A 
C 9 45.50 B 69.82 B 63.84 B 
^Different letters indicate statistical significance at 
the 0.05 level using least significant differences (LSD). 
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had a significant F-statistic at the 0.05 level only at 0 kPa. 
Mean differences appear to be more apparent at site 2 as 
matric potential decreases (Table 5). The greatest soil 
strength (130.8 kPa) resulted from soils under reduced till­
age at site 2. This value of soil strength is not large 
enough so that it would be expected to adversely affect plant 
root growth. While no detailed comparisons have been made be­
tween soil strength values recorded with penetrometers and 
the forces which extending roots encounter, there are indica­
tions that penetrometers can give gross overestimates (Russell, 
1977). Observations with penetrometers suggest that soil 
strength has minimal effects on root elongation unless resis­
tance exceeds 400 kPa (e.g., Mazurak and Pohlman, 1968; 
Greacen and Oh, 1972). 
Corn Belt soils under no-tillage treatments have been 
shown to have significantly higher bulk densities (Lindstrom 
et al. , 1984; Gantzer and Blake, 1978) and penetrometer re­
sistances (Lindstrom et al., 1984) than comparable soils under 
conventional tillage. The two very similar soils used in this 
study under 2 and 8 years of continuous tillage treatments have 
shown no significant differences in bulk density. The 8-year 
site has shown significant differences in soil strength, but 
even the maximum soil strength observed should not be great 
enough to have an appreciable inhibitory effect on plant root 
growth. 
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Table 5. Tillage means comparison of soil strength for 
matric potentials of 0, -200, and -400 mb at 
site 2 
Matric potential (kPa) 
0 19.61 39.22 
Till N Mean (kPa) Mean (kPa) Mean (kPa) 
R 12 41.18 101.60 A 130.82 A 
N 12 29.91 A 84.34 AB 116.50 B 
C 12 18.14 A 60.80 B 87.57 C 
^Different letters indicate statistical significance 
at the 0.05 level using least significant differences (LSD). 
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SECTION II. TILLAGE EFFECTS ON SOIL WATER RETENTION AND 
PORE SIZE DISTRIBUTION OF TWO MOLLISOLS 
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ABSTRACT 
A study was conducted to determine the effects of con­
servation and conventional tillage on soil water retention 
and pore size distribution. Two locations, each having ran­
domized block designs with 3 replications of continuous corn 
plots under no-tillage, reduced tillage, and conventional 
tillage, were used. One location, site 1, was in its second 
year of tillage experimentation, while the other location, 
site 2, was in its eighth year. Undisturbed soil cores were 
obtained near the planted row at the 5.0 to 7.5 cm and 10.0 
to 12.5 cm depths from the two sites. Soil water retention 
of the soil cores was measured at soil water matric poten­
tials of 0 to 39.2 kPa. Pore size distribution was estimated 
using a capillary model. 
Statistical differences in soil water retention due to 
tillage treatments appeared at site 1 with general means 
comparisons of reduced tillage > no-tillage > conventional 
tillage in the amount of water retained at any matric poten­
tial. Reduced tilled soil generally retained a significantly 
(LSDq q^) larger quantity of water than conventionally tilled 
soil, but no-till was not significantly different from re­
duced tillage or conventional tillage in its water retention 
characteristics. Differences in water retention between 
tillage treatments were not significant at site 2, but trends 
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in the means comparisons similar to site 1 were observed. 
Analysis of variance failed to show significant tillage ef­
fects for the pore size distribution regardless of pore 
radius interval partitioning. Trends indicate conventional 
tillage has a larger proportion of its pore volume in pores 
>15 p,m.r compared to the soils under conservation tillage. 
Conservation tilled soils appear to have a larger portion of 
pores in the 15 to 0.1 p.m pore radius interval. Implications 
are that conventionally tilled soils should drain more rapid­
ly than conservation tilled soils. Conservation tilled soils 
should retain more plant available water than conventionally 
tilled soils. The data indicate that bulk density increases 
occurred at the expense of larger pores (>150 (im.r). Since 
conventionally tilled soils have the greater proportion of 
large pores, these soils appear to be more susceptible to 
densification than the soils under the conservation tillage 
systems. 
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INTRODUCTION 
The manner in which tillage alters the pore size dis­
tribution and consequently affects water retention properties 
of the soil warrants investigation. Volumetric water content 
has been found to be consistently greater in soils maintained 
under conservation tillage systems (Lindstrom et al., 1984; 
Tollner et al., 1984; Negi et al., 1981; Gantzer and Blake, 
1978; Pidgeon and Soane, 1977; van Ouwerkerk and Boone, 1970; 
Blevins et al., 1971). Blevins et al. (1971) attributed this 
increased moisture throughout a period of 3 growing seasons 
to reduced evaporation and the greater ability to store mois­
ture under no-tillage, resulting in a greater water reserve. 
The increased capability to store moisture would seemingly be 
due to a rearrangement of the pore size distribution resulting 
from the no-tillage method or to residue cover causing less 
evaporation. 
No-tillage soils generally have reduced porosities when 
compared to moldboard plowed soils (Vez, 1979; Gantzer and 
Blake, 1978; Pidgeon and Soane, 1977). Van Ouwerkerk and 
Boone (1970) hypothesized that no-tillage not only reduces 
total pore space but also radically changes the pore size 
distribution with the larger pores disappearing and the finer 
pores predominating. The hypothesis agrees with observations 
that one effect of plowing is to increase the number of drain-
able pores (Tollner et al,, 1984; Negi et al., 1981). 
30 
There is disagreement whether the increase in soil water 
retention occurring with no-tillage actually benefits plant 
growth. Tollner et al. (1984) states that the soil in no-
till had significantly less plant available water near the 
surface than did the soil in conventional tillage. Van 
Ouwerkerk and Boone (1970) found that, while soil water re­
tention was greater for no-till, the amount of plant available 
water was the same. Blevins et al. (1971) directly attributed 
increased yields during years of either low or favorable rain­
fall distribution to the increased water retention capabili­
ties of no-till. Negi et al. (1981) reported no-till plots 
had twice as much plant available water at a depth of 0.3 m 
as did conventional till plots. 
The changes which occur in the pore size distribution 
cannot be expected to materialize simultaneously or be stable 
shortly after soil tillage has ceased. Voorhees and Lindstrom 
(1984) have reported that 3 to 4 years are required before 
continuous conservation tillage has a more favorable porosity 
in the 0-15 cm zone than continuous plowing. Their studies 
indicate a trend exists for a soil receiving moldboard plow­
ing to become less porous with time rather than conservation 
tillage to become more porous with time. 
The objectives of this study were (l) to evaluate the 
effects of conservation and conventional tillage on soil 
water retention for soils which had been exposed to continu-
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ous tillage systems for relatively brief and extended 
time periods, and (2) to use the soil water retention data 
to estimate tillage effects on pore size distribution. 
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MATERIALS AND METHODS 
Experimental Measurements 
The research was conducted on soils from two estab­
lished tillage experiments. The Lippert farm site (re­
ferred to as site 1) and the Agronomy and Agricultural 
Engineering Research Center site (referred to as site 2) 
were located 9 miles northwest and west, respectively, of 
Ames, Iowa. Site 1 had been in the same continuous tillage 
systems for 2 years while site 2 was in its 8th year of 
tillage treatments. The tillage process for each system at 
the two sites was not identical, but was consistent with 
practices followed in conventional, reduced, and no-tillage 
farming systems. The conventional tillage at both sites was 
a fall moldboard plowing followed by a spring disc. The re­
duced tillage consisted of a spring disc at site 1 and fall 
chisel plowing followed by a spring disc at site 2. No-
tillage at site 1 utilized a flat no-till planting in previ­
ous rows, while at site 2, a 5-10 cm ridge planting in pre­
vious rows was used. Both sites were arranged in 3 randomized 
complete blocks of conventional, reduced, and no-tillage 
treatment plots. Individual tillage plots were 9.2 x 38 m 
at site 1 and 27.5 x 91.5 m at site 2. The plots were in a 
continuous corn rotation with 75 cm row spacing. 
Soils of the experimental area were a Canisteo series 
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(fine-loamy, mixed (calcareous), mesic, Typic Haplaquoll) at 
site 1 and a Nicollet series (fine-silty mixed, mesic, Aquic 
Hapludoll) at site 2. Selected soil physical and chemical 
properties from the 5.0 to 12.5 cm soil depth are given in 
Table 1. Soil pH was determined for 1:1 soil:water suspen­
sions; Particle size analyses were determined by the pipette 
method (Walter et al., 1978). A Chittick apparatus was used 
in calcite and dolomite determinations (Boellstorff, 1978). 
Organic carbon was determined by the sulfuric acid-perman­
ganate method (Allison, 1965). Organic matter content was 
calculated by multiplying organic carbon values by the 
"Van Bemmelen factor" of 1.724. 
Undisturbed soil cores 7.6 cm dia. by 7.6 cm Z were 
obtained with a Uhland core sampler (Blake, 1965) from the 
5.0 to 12.5 cm depth when the corn was in the V3 growth stage 
(Ritchie and Hanway, 1982). Soil cores were obtained between 
adjacent corn plants and 3.75 cm perpendicular from the row 
in the interrow region. Care was taken to not sample in rows 
adjacent to interrows where recent wheel traffic had occurred, 
since wheel traffic can significantly alter the physical 
structure of the soil (Voorhees et al., 1978) and may diminish 
tillage effects (Voorhees, 1979). The soil cores were stored 
in plastic bags and refrigerated. Soil cores were obtained 
in the 1982 crop year at site 1 and the 1983 crop year at 
site 2. 
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Each soil core was subsequently divided into two soil 
subcores 6.4 cm dia. by 2.5 cm i corresponding to field 
depths of 5.0 to 7.5 cm and 10.0 to 12.5 cm. Bulk density 
was determined directly on each subcore. 
The soil subcores were saturated by wetting from the 
bottom and soil water retention determined corresponding to 
soil water matric potentials of 0, 0.98, 1.96, 3.43, 4.90, 
6.37, 7.84, 9.80, 19.61, and 39.22 kPa. Matric potential 
values of 0.98 to 19.61 kPa were achieved using a tension 
table with a hanging water column (Topp and Zebchuk, 1979). 
Matric potential values of 19.61 and 39.22 kPa were 
achieved using compressed air and fritted glass funnels. 
Smaller soil samples (0.6 to 1.25 cm j0) from each tillage 
treatment were used to determine soil water retention at 
matric potentials of 0.098, 0.49, and 1.47 MPa, using a 
pressure plate apparatus (Richards, 1965). Soil water re­
tention was expressed in terms of the volumetric water con­
tent using the bulk densities of the individual subcores 
for the conversion. Multiple determinations on separate 
samples were taken with the means taken of at least 2 deter­
minations. 
Soil water retention was evaluated for the matric po­
tential range of 0 to 39.22 kPa using an analysis of vari­
ance in a split-split plot randomized block design. Tillage 
treatments were the main effects, the matric potentials at 
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which soil water retention was measured was the split plot, 
and the two soil depths were the second split plot portion 
of the design. Mean comparisons were made using least sig­
nificant differences (LSD) (Steel and Torrie, 1960). 
Pore size distribution was estimated using a procedure 
proposed by D'Hollander (1979). Soil water retention data 
corresponding to the matric potential range of 0 to 1.47 MPa 
were used in the analysis. 
Theory and Use of Model 
The model presented by D'Hollander (1979) is based on 
the observation that many soil water characteristic curves 
have shapes similar to cumulative distribution functions. 
The premise of the model is that a close relationship exists 
between the moisture characteristic and the pore size dis­
tribution, based on Jurin's law relating pore suction to a 
characteristic sized pore referred to as the effective pore 
radius (Rose, 1965). 
h = (2 Y cos $)/rgp (1) 
where h represents the suction head, y the water surface 
tension, <p the contact angle between liquid and solid, r 
the effective pore radius, g the gravitional constant, and 
P the density of water. 
Equation 1 can be written as h = A/r with A being a 
physical constant for the whole range of the water content 
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assuming a constant temperature and that either an adsorp­
tion or desorption process was consistently used. By-
definition, pF = logj^Q(h). Thus, equation 1 may be re-
expressed as 
indicating the relationship existing between pF and effec­
tive pore radius. 
The relative number of pores of a given size r may be 
expressed by the pore size density function f(r) = z(r)/N 
where z(r) represents the number of pores with effective 
radius r and N is the total number of pores, N = z(r)dr. 
Recalling the statistical property f(x)dx = 1, it is 
possible to express the amount of water being retained by 
the pores in relation to the total amount that may be re­
tained in terms of the integral of the ratio of soil pores 
that are filled with water to the total number of pores; 
where 0 is the volumetric water content, 0^ is a residual 
volumetric water content which shows no appreciable change 
with an increase in pF, and 0^ is the saturated volumetric 
water content. 
The right side of equation 3 is the cumulative distri­
bution [F(x)] of f(r) and may be expressed as 
pF = log^Q(A) - log^o(r) ( 2 )  
(3) 
0' = F(A/h) (4) 
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where 9* = (0 - 9Q)/(0g - 0^). 
Since the cumulative distribution monotonieslly in­
creases, it is possible to reexpress the above equation 
using the cumulative inverse function [F ^(x) ] and solve 
for the suction head: 
A/h = F"^[0'] (5) 
By combining equations 2 and 5, it is possible to de­
fine an analytical expression for the pF curve in terms of 
the volumetric water content: 
pF(9) = log^Q(A) - logj^Q[F"^(9')] (6) 
Equation 2 is expected to be normally distributed when 
one considers the similarity between many pF curves and a 
cumulative normal distribution function. Since A is a con­
stant, one can consider the effective radius to be log nor­
mally distributed. 
By identification with equation 3, the log normal den­
sity function may be stated; 
f(r) = exp{-[log^„(r)-fj,]V20^} (7) 
(2Tr) Xn(10)r 
Estimates of the mean ((p.) and variance (a) of this dis­
tribution may be obtained by considering a discrete set of 
experimental data. Assuming the effective radii are log 
normal and using the linear translation property of the 
normal distribution, it follows 
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log _(r) - p. 
Q. = F[ ; 0, 1] (8) 
and 
F"^(0';O,1) = [log^o(r) - \i\/a = a log^gfr) + b (9) 
A linear regression analysis may be used to estimate the 
unknown parameters a and b where F~^(0';O,1) is the inverse 
to the standard normal cumulative distribution function. 
Best parameter estimates m = -b/a and s = 1/a are respec­
tively obtained for p, and a. The correlation coefficient 
(r ) measures the accuracy and validity of fitting the model 
to the experimental data. 
Best parameter estimates of the pore size distribution 
are also the best estimates for the parameters in the associ­
ated pF (0) equation. Since pF(0) shows asymptotical be­
havior when 0 = 0Q and 0 = 9^, statistical errors in the 
measurement of 0^ will not uniformly influence the resulting 
cumulative distribution curve. Improved accuracy in the 
parameter estimates may be obtained by weighting the linear 
regression with respect to the asymptotical portions of the 
pF(0) curve. 
The weighting function accounts for the asymptotical 
portions of the pF(6) curves by considering the changing 
slope [a pF(0)/ô9]. Development proceeds from a combination 
of equations 9 and 2 to form an alternate form of equation 5: 
pF(0) = log^Q(A) - fi - aF"^(0') (10) 
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which by differentiation gives an expression of [a pF(0)/ô9] 
apF(9) = _ (11) 
d 6 d 6 
To find ô[F~^( e* )]/ô0, the chain rule is used along with the 
property F[F~^(0')] = 0* to give 
âF 5[F"^(0')] ^  ^ 1 (12) 
a[F-i(0')] ®s - ®o 
a[F"^(e')] 1 
{f[F-^(0')]](0s - Gq) 
(13) 
where x = F~^(0) 
and f(x) = 
The function f(x) is the partial derivative of a nor­
mally distributed random variable evaluated at x and, there-
n 2 
fore f(x) = exp(-igx ). It therefore follows: 
Vzn 
f[F"l(0')] = exp{-%[F"l(0')]2] (14) 
By equations 11, 13, and 14, it follows 
9pF(0) _ --s/^ (3 
exp[-%[F-l(0')]2}(0g - 0^) 
The weighting function used by D'Hollander was 
(16) 
By identification of equations 15 and 16, the weighting 
function is 
(15) 
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2 (17) 
exp{-i5[F"^(e')]^}(03 - e^) 
since the least squares fit may be optimized through an 
inverse consideration of the dispersions (m ) that are oc­
curring, the factor used in weighting is the inverse of 
equation 17. 
In addition to determining the mean and standard devia­
tion of the pore size distribution, the log normal density 
function (equation 7) was segmental ly integrated into pore 
radius intervals. The intervals contained the probability 
of occurrence of the pore size radii within the total dis­
tribution, where 
b 
P[a < r < b] = f(r)dr (18) 
Letting x = log^Q(r), then = lO^^n (10) and 
For a normally distributed random variable, this may be 
expressed as: 
log^(a)-n 
P[a < r < b] = P[ N(0,1) random variable < 
(20, 
u 
and using the cumulative distribution function: 
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P[a < r < b] = F[ 
logipCa)-}! ] (21) a 
The quantity of the pore radius distribution occurring within 
a given interval can be expressed in terms of the soil 
porosity (Qg - 0q)» yielding the pore volume per soil volume 
within an interval. 
Tillage effects on soil pore size distribution were 
evaluated using an analysis of variance. Tillage treatments 
were the main effects and pore radius intervals the split 
plot portions of the experimental design since the sequence 
of the intervals were not randomly arranged (Steel and 
Torrie, 1960). Several pore radius intervals were evaluated. 
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RESULTS AND DISCUSSION 
Figures 3(a) and 3(b) compare soil water retention for 
the different tillage treatments. At both sites, soil under 
conservation tillage exceeded conventional tillage in the 
amount of water retained at any matric potential with the 
exception of 0 kPa. The pattern of tillage treatment effects 
at site 1 was reduced tillage > no-tillage > conventional 
tillage in the amount of water retained. Tillage treatment 
effects on volumetric water content were not as large at site 
2, but the same general trend was evident. 
An analysis of variance (Table 6) indicated that tillage 
had a significant effect on soil water retention in soil 
samples from site 1, but not for soil from site 2. Tillage 
means comparisons (Table 7) for soil water retention at site 
1 indicated a pattern of significance similar to the observed 
trends. Reduced tilled soil generally retained a signifi­
cantly larger quantity of water at any pF value than conven­
tional tilled soil, but no-till soil was not significantly 
different from reduced tillage or conventional tillage in its 
water retention characteristics. Tillage treatments being 
significant at site 1 and not at site 2 is surprising con­
sidering the relative amount of time each site had been in 
the tillage systems. Voorhees and Lindstrom (1984) have re­
ported that approximately 3 to 4 years are required for soils 
in conservation tillage to develop soil porosity equal to 
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Figure 3(a). Relationship between volumetric water content (0) and soil water 
matric potential (ip^^) for the three tillage systems at site 1 
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Figure 3(b). Relationship between volumetric water content (0) and soil water 
matric potential for the three tillage systems at site 2 
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Table 6. Two abbreviated analyses of variance showing the 
statistically significant effects of tillage 
treatment, soil water matric potential and 
soil depth on the soil water retention for soils 
at site 1 and site 2 
F-statistic 
significance 
df Site 1 Site 
Tillage 2 * ns 
9 ** ** 
'l^jjj*ti liage 18 ns * 
Depth 1 ns * *  
Tillage*depth 2 ns ns 
^^*depth 9 ** ** 
Ti llage*i{jj^* depth 18 ns ns 
**Significant at the 5% and 1% levels, respectively; 
ns = nonsignificanoe at the 5% level. 
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Table 7. Tillage means comparison of volumetric water 
content over a range of soil water matric 
potential at site 1 
ii) Tillage means^ 
(kPa) N R N C 
(cm^/cm^) 
0 6 0.47A 0.49A 0.48A 
0.98 6 0.43A 0.45A 0.43A 
1.96 6 0.46A 0.45AB 0.43B 
3.43 6 0.44A 0.43AB 0.40B 
4.90 6 0.43A 0.41AB 0.38B 
5.37 6 0.42A 0.40AB 0.37B 
7.84 6 0.42A 0.40AB 0.36B 
9.80 6 0.41A 0.39AB 0. 36B 
19.61 6 0.38A 0.36B 0.31C 
39.22 6 0.38A 0.35AB 0.31B 
^Different letters indicate statistical significance 
at the 5% level using least significant differences. 
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conventionally tilled soils and that, after this time period, 
the porosity of conservation tilled soils exceed the porosity 
of conventionally tilled soils. Yet the younger site in this 
study has shown tillage differences in volumetric water con­
tent due to the increased water holding capacity caused by 
conservation tillage, while the older more established site 
has not. This seems to indicate that the interactive effect 
of soil and tillage may be more important than the effects of 
tillage alone. 
The Canisteo series at site 1 has higher calcium and 
organic matter content than the Nicollet series at site 2 
(Table 1). The resulting structural differences account for 
the differences in soil water characteristic between the 
sites. 
The significant effects of matrie potential on soil 
water content indicate there was a range of pore sizes in 
each soil. Significant depth effects at site 2 show there 
was a difference in the amount of space available for soil 
water storage as depth increased from the 5.0 to 7.5 cm depth 
to the 10.0 to 12.5 cm depth. At site 1, there were no sig­
nificant differences with depth in the total amount of space 
available for water desorption, although no indications are 
given as to how this space may be partitioned over the range 
of pore size radii. Significant depth effects occurring at 
site 2, but not at site 1, may be a reflection of the amount 
48 
of time that soils at each site had been under the continuous 
tillage treatments. 
Mean soil water characteristic curves for the three till­
age systems at site 2 are given in Figures 4(a), 4(b), and 
4(c). The calculated pF curves show shapes similar to cumu­
lative distributions. The goodness of fit of a group of data 
to a cumulative distribution is validated by the correlation 
2 
coefficient (r ) of the linear regression once the group of 
data is normalized. Correlation coefficients of 0.96 to 
0.98 for the weighted regressions of the mean soil water re­
tention data indicate that the mean soil water characteristic 
curves approximate cumulative distributions. Fitting the 
model to individual groups of soil water retention data re-
suited in lower r values than when the means were used with 
average r values of 0.82 and 0.89 for unweighted and weighted 
regressions, respectively. 
Figure 5 illustrates the frequency function which de­
scribes the occurrence of pore sizes in the distribution. 
Both sites had similar graphical patterns with soils under 
reduced tillage > no-tillage > conventional tillage in the 
number of pores found for any given pore radius in the range 
of measurement. The figure emphasizes that, although the 
range of pore sizes measured accounts for the majority of 
the soil pore volume, that measurement range represents only 
a fractional quantity of the breadth of pore sizes occurring 
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Figure 4(a). Mean soil water characteristic curve for soils under conventional 
tillage at site 2; the line represents calculated pF curves derived 
from the pore distribution model; the points give the means of 
measured values 
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Figure 4(b), Mean soil water characteristic curve for soils under reduced 
tillage at site 2j the line represents calculated pF curves 
derived from the pore distribution model; the points give the 
means of measured values 
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Figure 4(c), Mean soil water characteristic curve for soils under no-tillage 
at site 2} the line represents calculated pF curves derived from 
the pore distribution model; the points give the means of 
measured values 
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Figure 5, The pore size distribution of the soil under conventional, reduced, 
and no-tillage at site 2 
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in the soil. 
The mean pore volume occurring between pore radius sizes 
of 00 to 0.1 |im for the conventional, no-tillage, and re-
duced soils was, respectively, 0.316, 0.285, and 0.263 cm / 
cm^ at site 1 and 0.231, 0.239, and 0.224 cm^/cm^ at site 2. 
Analysis of variance indicated that no significant tillage 
effects on the pore volume exist at either site, but trends 
appear to exist at site 1. The lack of relative difference 
in pore volume at site 2 between conventional tillage and the 
conservation tillage systems may be due to a trend for con­
tinuous moldboard plowing to become less porous with time 
(Voorhees and Lindstrom, 1984). They hypothesized that the 
burying of all plant residues by continuous plowing could 
cause the soil to gradually become more dense and, therefore, 
diminish the effects of conventional tillage. 
The pore volume was partitioned into several pore radius 
intervals. Figure 5 exemplifies the manner in which the pore 
size distribution may be continuously separated into pore 
radius intervals. Analysis of variance for any given inter­
val or across intervals again indicated that there were no 
significant tillage effects although trends appear to exist. 
Lack of statistical significance is most probably caused by 
the amount of variance in the data with coefficients of 
variation around 20%. Analysis of variance failed to show 
significant tillage effects regardless of pore radius 
s: .04 
>150 
Site 1 
m 
150-15 15-1.5 1.5-0.3 
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Figure 6. Pore volume occurring between pore radius sizes of oo to 0.1 for 
the three tillage systems at site 1, partitioned into several pore 
radius intervals 
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interval partitioning. The trends indicate that soils under 
conventional tillage have a larger amount of their pore 
volume in the larger pores (>15 pm.r) than under conserva­
tion tillage systems. The conservation tillage systems 
appear to have large proportions, relative to conventional 
tillage, in the smaller pores (<15 jim.r). 
These observations are more evident in Figure 7 where 
the pore radius intervals are partitioned in terms of pores 
with radii greater than 15 (im and those pores which should 
retain plant available water (15 to 0.1 [im.r). Differences 
in the larger sized pores due to tillage are not as evident 
at site 2, although the conventionally tilled soil still has 
a larger quantity of the pore volume in the larger sized pore 
radius interval. Vez (1979) found the macroporosity in con­
ventionally tilled soil fluctuated depending upon the soil's 
moisture content at the time of tillage. When the soil was 
tilled wet, the macroporosity the following spring t-ras very 
low. When the soil was tilled under favorable moisture con­
ditions and the winter was dry, the increase in macroporosity 
caused by plowing was still evident in the spring. Soil 
sampling occurred in the 1982 and 1983 crop years at site 1 
and site 2, respectively. The soils were exposed to different 
fall and winter climatic conditions which could result in the 
observed differences in macroporosity of the conventionally 
tilled soils at the two sites. 
Site 1 Site 2 
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0 
TILLAGE 
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U1 CT> 
Figure 7. Pore volume occurring between pore radius sizes of oo to 0,1 p,m for 
the three tillage systems at site 1 and site 2, partitioned according 
to the pores > 15 and the pores which would retain plant available 
water (15 - 0.1 urn) 
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It can be inferred for the soils in this study that 
conventional tillage should provide higher values of saturated 
hydraulic conductivity and would, therefore, allow more rapid 
drainage than would occur for soils under conservation till­
age systons. Soils under conservation tillage should retain 
more plant available water and maintain higher values of un­
saturated hydraulic conductivity. These inferences are in 
general agreement with previously reported observations 
(Lindstrom et al., 1984; Tollner et al., 1984; Negi et al,, 
1981) and imply that conservation tillage may be beneficial 
in dry years, but may have insufficient drainage in wet years. 
Alternately, conventional tillage should drain easily in wet 
years, but plants may experience moisture stress during 
droughty periods. 
The change in pore volume by pore radius size with soil 
depth is presented in Figure 8, There was a reduction in the 
number of larger pores (>150 j^m.r) as soil depth increased. 
Bulk density increased with increasing depth at both sites 
(Table 8). The increase in bulk density as depth increased 
from the 5.0-7.5 cm depth to the 10.0-12.5 cm depth was 0.18 
and 0.08 Mg m ^ at site 1 and site 2, respectively. The in­
crease in density occurred primarily at the expense of the 
larger pores. Reexamining Figure 7, it would appear that 
conventional tillage has the greater potential for densifi-
cation since it has the greater proportion of larger sized 
.20 
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t 
Site 1 Site 2 DEPTH (cm) 
5.0-7.5 
10.0-12.5 
ui 
00 
> 150 150-0.1 > 150 150-0.1 
PORE RADIUS INTERVALS (urn) 
Figure 8. Pore volume occurring between pore radius sizes of oo to 0.1 |im for the 
5,0 to 7,5 cm and 10,0 to 12,5 cm depth, partitioned into large (>150 
p,m) and small (150-0,1 jim) pore radius intervals 
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Table 8. Mean bulk density (Mg m~^) for the 5.0 to 7.5 cm 
and 10.0 to 12.5 cm depths at site 1 and site 2 
Depth Site 1 Site 2 
(cm) Mean (Mg m~^) 
5.0-7.5 1.28 1.12 
10.0-12.5 1.36 1.30 
pores. The susceptibility of soils under conventional till­
age to densify is enhanced when one considers that conven­
tionally tilled soil has the lowest soil strength value of 
the three tillage systems over a range of soil water tensions 
(Hill and Cruse, 1984). 
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SUMMARY AND CONCLUSIONS 
A study was conducted to determine the effect of con­
servation and conventional tillage on soil bulk density, 
soil strength, soil water retention, and pore size distribu­
tion. Two locations, each having randomized block designs 
with 3 replications of continuous corn plots under no-tillage, 
reduced tillage, and conventional tillage, were used. One 
location, site 1, was in its second year of tillage experi­
mentation, while the other location, site 2, was in its 
eighth year. Undisturbed soil cores were obtained near the 
planted row at the 5.0 to 7.5 cm and 10.0 to 12.5 cm depths 
when the corn was in the V3 growth stage. Gamma irradiation 
was used to determine bulk densities of the cores at field 
depths of 6.0, 7.5, 9.0, 10.5, and 12.0 cm. Soil strength 
was determined at depths of 5.0, 7.5, 10.0, and 12.5 cm using 
a fall cone penetrometer. Strength was evaluated at soil 
water matric potentials of 0, 19.51, and 39.22 kPa. Soil 
water retention of the soil cores was measured at soil water 
matric potentials of 0 to 39.2 kPa. Pore size distribution 
was estimated using a capillary model. 
Tillage treatments did not have a statistically signifi­
cant effect on bulk density; however, patterns in bulk density 
due to tillage treatment were more evident at the 8-year site 
with reduced > no-tillage > conventional tillage. Depth had 
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a significant effect on bulk density. BulK density in­
creased with depth for the 3 tillage treatments at both sites. 
Tillage treatments had significant effects on soil 
strength at site 2, but not at site 1. Matric potential and 
depth had significant effects on soil strength at both sites. 
Strength of soils at site 2 under reduced tillage was not 
significantly different than for soils under no-tillage, but 
the soils under both of these tillage systems had significant­
ly greater soil strength than conventionally tilled soils. 
The pattern of differences in soil strength due to tillage 
treatment was the same at site 1, but the differences were not 
statistically significant. Soil strength increased with 
decreased matric potential for the three tillage treatments 
at both sites. 
Statistically significant differences in soil water re­
tention due to tillage treatments appeared at site 1 with 
general means comparisons of reduced tillage > no-tillage > 
conventional tillage in the amount of water retained at any 
matric potential. Reduced tilled soil generally retained 
a significantly (LSDq larger quantity of water than con­
vent i ally tilled soil, but soils under no-tillage were not 
significantly different from soils under reduced tillage or 
conventional tillage in their water retention characteris­
tics. Differences in water retention between tillage treat­
ments were not significant at site 2, but trends in the means 
55 
comparison similar to site 1 were observed. Analysis of 
variance failed to show significant tillage effects for the 
pore size distribution regardless of pore radius interval 
partitioning. Trends indicate conventional tillage has a 
larger proportion of its pore size distribution in pores 
>15 (j,m.r compared to the soils under conservation tillage. 
Conservation tilled soils appear to have a larger portion of 
pores in the 15 to 0.1 jxm pore radius interval. 
Implications are that conventionally tilled soils should 
drain more rapidly than conservation tilled soils. Conserva­
tion tilled soils should retain more plant available water 
than conventionally tilled soil. The data indicate that bulk 
density increases occurred at the expense of larger pores 
(>150 fxm.r). Since conventionally tilled soils have the 
greater proportion of large pores, these soils appear to be 
more susceptible to densi f i cat ion than soils under the con­
servation tillage systems. Neither bulk density nor soil 
strength of the soils under any of the tillage systems ap­
peared to have values within a range which would have an 
appreciable effect on plant root growth. 
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APPENDIX A. SOIL BULK DENSITY DETERMINED 
VIA GAMMA IRRADIATION AT SITE 1 
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REP TILLAGE CORE DEPTH BULK DENSITY 
NUMBER (CM.) (GM./CC.) 
CONV. 1 6.0 0.90 
CONV. 1 7.5 1.07 
CONV. 1 9.0 1.17 
CONV. 1 10.5 1.35 
CONV. 1 12.0 1.39 
CONV. 2 6.0 0.96 
CONV. 2 7.5 1.11 
CONV. 2 9.0 1.09 
CONV. 2 10.5 1.13 
CONV. 2 12.0 1.28 
CONV. 3 6.0 1.05 
CONV. 3 7.5 1.16 
CONV. 3 9.0 1.05 
CONV. 3 10.5 1.28 
CONV. 3 12.0 1.34 
CONV. 46 6.0 0.96 
CONV. 46 7.5 1.13 
CONV. 46 9.0 1.13 
CONV. 46 10.5 1.06 
CONV. 46 12.0 1.24 
CONV. 47 6.0 1.03 
CONV. 47 7.5 1.07 
CONV. 47 9.0 1.16 
CONV. 47 10.5 1.25 
CONV. 47 12.0 1.21 
CONV. 48 6.0 1.04 
CONV. 48 7.5 1.10 
CONV. 48 9.0 1.11 
CONV. 48 10.5 1.18 
CONV. 48 12.0 1.36 
NO-TILL 7 6.0 1.03 
NO-TILL 7 7.5 0.93 
NO-TILL 7 9.0 1.17 
NO-TILL 7 10.5 1.26 
NO-TILL 7 12.0 1.28 
NO-TILL 8 6.0 0.84 
NO-TILL 8 7.5 1.01 
NO-TILL 8 9.0 1.11 
NO-TILL 8 10.5 1.15 
NO-TILL 8 12.0 1.27 
NO-TILL 9 6.0 1.01 
NO-TILL 9 7.5 1.08 
NO-TILL 9 9.0 1.25 
NO-TILL 9 10.5 1.23 
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REP TILLAGE CORE 
NUMBER 
NO-TILL 9 
NO-TILL 52 
NO-TILL 52 
NO-TILL 52 
NO-TILL 52 
NO-TILL 52 
NO-TILL 53 
NO-TILL 53 
NO-TILL 53 
NO-TILL 53 
NO-TILL 53 
NO-TILL 54 
NO-TILL 54 
NO-TILL 54 
NO-TILL 54 
NO-TILL 54 
REDUCED 6 
REDUCED 6 
REDUCED 6 
REDUCED 6 
REDUCED 6 
REDUCED 5 
REDUCED 5 
REDUCED 5 
REDUCED 5 
REDUCED 5 
REDUCED 50 
REDUCED 50 
REDUCED 50 
REDUCED 50 
REDUCED 50 
REDUCED 51 
REDUCED 51 
REDUCED 51 
REDUCED 51 
REDUCED 51 
REDUCED 57 
REDUCED 57 
REDUCED 57 
REDUCED 57 
REDUCED 57 
REDUCED 58 
REDUCED 58 
REDUCED 58 
DEPTH BULK DENSITY 
(CM.) (GM./CC.) 
12.0 1.23 
6.0 0.89 
7.5 1.02 
9.0 1.13 
10.5 1.28 
12.0 1.30 
6.0 0.84 
7.5 1.01 
9.0 1.13 
10.5 1.28 
12.0 1.29 
6.0 0.80 
7.5 0.80 
9.0 1.18 
10.5 1.13 
12.0 1.28 
6.0 1.00 
7.5 0.77 
9.0 1.19 
10.5 1.03 
12.0 1.21 
6.0 0.97 
7.5 1.25 
9.0 1.08 
10.5 1.25 
12.0 1.27 
6.0 0.78 
7.5 1.06 
9.0 1.21 
10.5 1.23 
12.0 1.17 
6.0 0.91 
7.5 0.70 
9.0 0.84 
10.5 1.07 
12.0 1.18 
6.0 0.52 
7.5 0.63 
9.0 1.15 
10.5 1.22 
12.0 1.20 
6.0 0.92 
7.5 0.48 
9.0 1.23 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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TILLAGE CORE DEPTH 
NUMBER (CM.) 
REDUCED 58 10.5 
REDUCED 58 12.0 
CONV. 16 6.0 
CONV. 16 7.5 
CONV. 16 9.0 
CONV. 16 10.5 
CONV. 16 12.0 
CONV. 17 6.0 
CONV. 17 7.5 
CONV. 17 9.0 
CONV. 17 10.5 
CONV. 17 12.0 
CONV. 18 6.0 
CONV. 18 7.5 
CONV. 18 9.0 
CONV. 18 10.5 
CONV. 18 12.0 
CONV. 37 6.0 
CONV. 37 7.5 
CONV. 37 9.0 
CONV. 37 10.5 
CONV. 37 12.0 
CONV. 38 6.0 
CONV. 38 7.5 
CONV. 38 9.0 
CONV. 38 10.5 
CONV. 38 12.0 
CONV. 39 6.0 
CONV. 39 7.5 
CONV. 39 9.0 
CONV. 39 10.5 
CONV. 39 12.0 
NO-TILL 13 6.0 
NO-TILL 13 7.5 
NO-TILL 13 9.0 
NO-TILL 13 10.5 
NO-TILL 13 12.0 
NO-TILL 14 6.0 
NO-TILL 14 7.5 
NO-TILL 14 9.0 
NO-TILL 14 10.5 
NO-TILL 14 12.0 
NO-TILL 15 6.0 
NO-TILL 15 7.5 
BULK DENSITY 
(GM./CC.) 
1.20 
1.24 
0.89 
0.95 
1.24 
1.31 
1.37 
0.89 
1.05 
1.04 
1.13 
1.32 
0.92 
0.95 
1.00 
1 .22  
1.33 
0.92 
0.94 
1 .06  
1.24 
1.34 
0.90 
0.97 
0 .82  
1.26 
1.33 
0.92 
0.95 
0.98 
1.28 
1.31 
1 . 1 6  
1 . 2 2  
1.34 
1.33 
1.32 
1.20 
1 . 1 6  
1.30 
1.34 
1.35 
1.26  
1.30 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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TILLAGE CORE 
NUMBER 
NO-TILL 15 
NO-TILL 15 
NO-TILL 15 
NO-TILL 44 
NO-TILL 44 
NO-TILL 44 
NO-TILL 44 
NO-TILL 44 
NO-TILL 45 
NO-TILL 45 
NO-TILL 45 
NO-TILL 45 
NO-TILL 45 
NO-TILL 61 
NO-TILL 61 
NO-TILL 61 
NO-TILL 61 
NO-TILL 61 
REDUCED 10 
REDUCED 10 
REDUCED 10 
REDUCED 10 
REDUCED 10 
REDUCED 11 
REDUCED 11 
REDUCED 11 
REDUCED 11 
REDUCED 11 
REDUCED 12 
REDUCED 12 
REDUCED 12 
REDUCED 12 
REDUCED 12 
REDUCED 40 
REDUCED 40 
REDUCED 40 
REDUCED 40 
REDUCED 40 
REDUCED 41 
REDUCED 41 
REDUCED 41 
REDUCED 41 
REDUCED 41 
REDUCED 42 
DEPTH BULK DENSITY 
(CM.) (GM./CC.) 
9.0 1.37 
10.5 1.38 
12.0 1.40 
6.0 1.22 
7.5 1.30 
9.0 1.33 
10.5 1.35 
12.0 1.32 
6.0 1.33 
7.5 1.33 
9.0 1.35 
10.5 1.38 
12.0 1.39 
6.0 1.15 
7.5 1.23 
9.0 1.23 
10.5 1.30 
12.0 1.34 
6.0 0.88 
7.5 1.15 
9.0 1.20 
10.5 1.30 
12.0 1.32 
6.0 1.07 
7.5 1.21 
9.0 1.23 
10.5 1.29 
12.0 1.31 
6.0 0.91 
7.5 1.14 
9.0 1.27 
10.5 1.29 
12.0 1.30 
6.0 1.00 
7.5 1.21 
9.0 1.27 
10.5 1.29 
12.0 1.33 
6.0 1.18 
7.5 1.28 
9.0 1.29 
10.5 1.31 
12.0 1.32 
6.0 1.03 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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TILLAGE CORE 
NUMBER 
REDUCED 42 
REDUCED 42 
REDUCED 42 
REDUCED 42 
CONV. 22 
CONV. 22 
CONV. 22 
CONV. 22 
CONV. 22 
CONV. 23 
CONV. 23 
CONV. 23 
CONV. 23 
CONV. 23 
CONV. 24 
CONV. 24 
CONV. 24 
CONV. 24 
CONV. 24 
CONV. 31 
CONV. 31 
CONV. 31 
CONV. 31 
CONV. 31 
CONV. 32 
CONV. 32 
CONV. 32 
CONV. 32 
CONV. 32 
CONV. 33 
CONV. 33 
CONV. 33 
CONV. 33 
CONV. 33 
NO-TILL 19 
NO-TILL 19 
NO-TILL 19 
NO-TILL 19 
NO-TILL 19 
NO-TILL 20 
NO-TILL 20 
NO-TILL 20 
NO-TILL 20 
NO-TILL 20 
DEPTH BULK DENSITY 
(CM.) (GM./CC.) 
7.5 1.15 
9.0 1.22 
10.5 1.30 
12.0 1.34 
6.0 1.26 
7.5 1.35 
9.0 1.15 
10.5 1.32 
12.0 1.34 
6.0 1.08 
7.5 1.20 
9.0 1.37 
10.5 1.37 
12.0 1.34 
6.0 1.17 
7.5 1.20 
9.0 1.25 
10.5 1.28 
12.0 1.32 
6.0 1.17 
7.5 1.22 
9.0 1.21 
10.5 1.33 
12.0 1.37 
6.0 1.35 
7.5 1.28 
9.0 1.17 
10.5 1.34 
12.0 1.35 
6.0 1.08 
7.5 1.15 
9.0 1.18 
10.5 1.37 
12.0 1.35 
6.0 0.95 
7.5 1.15 
9.0 1.24 
10.5 1.30 
12.0 1.38 
6.0 0.88 
7.5 1.08 
9.0 1.23 
10.5 1.31 
12.0 1.38 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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TILLAGE CORE 
NUMBER 
NO-TILL 21 
NO-TILL 21 
NO-TILL 21 
NO-TILL 21 
NO-TILL 21 
NO-TILL 34 
NO-TILL 34 
NO-TILL 34 
NO-TILL 34 
NO-TILL 34 
NO-TILL 35 
NO-TILL 35 
NO-TILL 35 
NO-TILL 35 
NO-TILL 35 
NO-TILL 36 
NO-TILL 36 
NO-TILL 36 
NO-TILL 36 
NO-TILL 36 
REDUCED 25 
REDUCED 25 
REDUCED 25 
REDUCED 25 
REDUCED 25 
REDUCED 26 
REDUCED 26 
REDUCED 26 
REDUCED 26 
REDUCED 26 
REDUCED 27 
REDUCED 27 
REDUCED 27 
REDUCED 27 
REDUCED 27 
REDUCED 28 
REDUCED 28 
REDUCED 28 
REDUCED 28 
REDUCED 28 
REDUCED 29 
REDUCED 29 
REDUCED 29 
REDUCED 29 
DEPTH BULK DENSITY 
(CM.) (GM./CC.) 
6.0 1.09 
7.5 1.01 
9.0 1.10 
10.5 1.31 
12.0 1.32 
6.0 0.97 
7.5 0.99 
9.0 1.28 
10.5 1.39 
12.0 1.41 
6.0 1.01 
7.5 0.98 
9.0 1.08 
10.5 1.22 
12.0 1.31 
6.0 0.98 
7.5 1.06 
9.0 1.11 
10.5 1.10 
12.0 1.14 
6.0 1.13 
7.5 1.35 
9.0 1.24 
10.5 1.31 
12.0 1.23 
6.0 1.26 
7.5 1.31 
9.0 1.32 
10.5 1.38 
12.0 1.35 
6.0 1.29 
7.5 1.35 
9.0 1.27 
10.5 1.32 
12.0 1.36 
6.0 1.12 
7.5 1.33 
9.0 1.32 
10.5 1.32 
12.0 1.36 
6.0 1.12 
7.5 1.17 
9.0 1.27 
10.5 1.28 
75 
REP TILLAGE CORE 
NUMBER • 
3 REDUCED 29 
3 REDUCED 30 
3 REDUCED 30 
3 REDUCED 30 
3 REDUCED 30 
3 REDUCED 30 
DEPTH BULK DENSITY 
(CM.) (GM./CC.) 
12.0 1.35 
6.0 1.15 
7.5 1.23 
9.0 1.34 
10.5 1.36 
12.0 1.36 
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APPENDIX B. SOIL BULK DENSITY DETERMINED VIA 
GAMMA IRRADIATION AT SITE 2 
77 
TILLAGE CORE DEPTH BULK DENSITY 
(CM.) (GM./CC.) 
REDUCED 1 6.0 1.17 
REDUCED 1 7.5 1.30 
REDUCED 1 9.0 1.35 
REDUCED 1 10.5 1.38 
REDUCED 1 12.0 1.43 
REDUCED 2 6.0 1.35 
REDUCED 2 7.5 1.34 
REDUCED 2 9.0 1.34 
REDUCED 2 10.5 1.36 
REDUCED 2 12.0 1.40 
REDUCED 3 6.0 1.23 
REDUCED 3 7.5 1.38 
REDUCED 3 9.0 1.39 
REDUCED 3 10.5 1.38 
REDUCED 3 12.0 1.35 
REDUCED 13 6.0 1.21 
REDUCED 13 7.5 1.28 
REDUCED 13 9.0 1.39 
REDUCED 13 10.5 1.40 
REDUCED 13 12.0 1.44 
REDUCED 14 6.0 1.40 
REDUCED 14 7.5 1.38 
REDUCED 14 9.0 1.35 
REDUCED 14 10.5 1.42 
REDUCED 14 12.0 1.43 
REDUCED 55 6.0 1.25 
REDUCED 55 7.5 1.28 
REDUCED 55 9.0 1.31 
REDUCED 55 10.5 1.44 
REDUCED 55 12.0 1.46 
CONV. 7 6.0 1.31 
CONV. 7 7.5 1.30 
CONV. 7 9.0 1.31 
CONV. 7 10.5 1.34 
CONV. 7 12.0 1.26 
CONV. 8 6.0 1.11 
CONV. 8 7.5 1.21 
CONV. 8 9.0 1.29 
CONV. 8 10.5 1.24 
CONV. 8 12.0 1.46 
CONV. 9 6.0 1.19 
CONV. 9 7.5 1.32 
CONV. 9 9.0 1.34 
CONV. 9 10.5 1.44 
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TILLAGE CORE DEPTH BULK DENSITY 
(CM.) (GM./CC.) 
CONV. 9 12.0 1.50 
CONV. 16 6.0 1.34 
CONV. 16 7.5 1.32 
CONV. 16 9.0 1.33 
CONV. 16 10.5 1.29 
CONV. 16 12.0 1.48 
CONV. 17 6.0 1.27 
CONV. 17 7.5 1.30 
CONV. 17 9.0 1.33 
CONV. 17 10.5 1.28 
CONV. 17 12.0 1.42 
CONV. 18 6.0 1.38 
CONV. 18 7.5 1.31 
CONV. 18 9.0 1.43 
CONV. 18 10.5 1.45 
CONV. 18 12.0 1.41 
NO-TILL 4 6.0 1.19 
NO-TILL 4 7.5 1.33 
NO-TILL 4 9.0 1.42 
NO-TILL 4 10.5 1.48 
NO-TILL 4 12.0 1.48 
NO-TILL 5 6.0 1.17 
NO-TILL 5 7.5 1.24 
NO-TILL 5 9.0 1.43 
NO-TILL 5 10.5 1.46 
NO-TILL 5 12.0 1.49 
NO-TILL 6 6.0 1.04 
NO-TILL 6 7.5 1.27 
NO-TILL 6 9.0 1.41 
NO-TILL 6 10.5 1.47 
NO-TILL 6 12.0 1.48 
NO-TILL 10 6.0 1.09 
NO-TILL 10 7.5 1.21 
NO-TILL 10 9.0 1.12 
NO-TILL 10 10.5 1.48 
NO-TILL 10 12.0 1.47 
NO-TILL 11 6.0 1.28 
NO-TILL 11 7.5 1.36 
NO-TILL 11 9.0 1.39 
NO-TILL 11 10.5 1.45 
NO-TILL 11 12.0 1.44 
NO-TILL 12 6.0 1.26 
NO-TILL 12 7.5 1.30 
NO-TILL 12 9.0 1.41 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
TILLAGE CORE DEPTH BULK DENSITY 
(CM.) (GM./CC.) 
NO-TILL 12 10.5 1.48 
NO-TILL 12 12.0 1.49 
REDUCED 22 6.0 1.39 
REDUCED 22 7.5 1.48 
REDUCED 22 9.0 1.53 
REDUCED 22 10.5 1.48 
REDUCED 22 12.0 1.52 
REDUCED 23 6.0 1.45 
REDUCED 23 7.5 1.51 
REDUCED 23 9.0 1.54 
REDUCED 23 10.5 1.45 
REDUCED 23 12.0 1.52 
REDUCED 24 6.0 1.42 
REDUCED 24 7.5 1.48 
REDUCED 24 9.0 1.51 
REDUCED 24 10.5 1.54 
REDUCED 24 12.0 1.54 
REDUCED 31 6.0 1.43 
REDUCED 31 7.5 1.39 
REDUCED 31 9.0 1.39 
REDUCED 31 10.5 1.45 
REDUCED 31 12.0 1.51 
REDUCED 32 6.0 1.32 
REDUCED 32 7.5 1.33 
REDUCED 32 9.0 1.25 
REDUCED 32 10.5 1.33 
REDUCED 32 12.0 1.21 
REDUCED 33 6.0 1.44 
REDUCED 33 7.5 1.41 
REDUCED 33 9.0 1.46 
REDUCED 33 10.5 1.37 
REDUCED 33 12.0 1.45 
CONV. 25 6.0 1.21 
CONV. 25 7.5 1.41 
CONV. 25 9.0 1.42 
CONV. 25 10.5 1.45 
CONV. 25 12.0 1.46 
CONV. 26 6.0 1.21 
CONV. 26 7.5 1.30 
CONV. 26 9.0 1.24 
CONV. 26 10.5 1.44 
CONV. 26 12.0 1.46 
CONV. 27 6.0 1.30 
CONV. 27 7.5 1.33 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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TILLAGE CORE DEPTH BULK DENSITY 
(CM.) (GM./CC.) 
CONV. 27 9.0 1.43 
CONV. 27 10.5 1.43 
CONV. 27 12.0 1.34 
CONV. 28 6.0 1.33 
CONV. 28 7.5 1.31 
CONV. 28 9.0 1.43 
CONV. 28 10.5 1.45 
CONV. 28 12.0 1.44 
CONV. 29 6.0 1.34 
CONV. 29 7.5 1.40 
CONV. 29 9.0 1.43 
CONV. 29 10.5 1.42 
CONV. 29 12.0 1.46 
CONV. 30 6.0 1.09 
CONV. 30 7.5 1.27 
CONV. 30 9.0 1.39 
CONV. 30 10.5 1.51 
CONV. 30 12.0 1.39 
NO-TILL 19 6.0 1.33 
NO-TILL 19 7.5 1.31 
NO-TILL 19 9.0 1.36 
NO-TILL 19 10.5 1.41 
NO-TILL 19 12.0 1.46 
NO-TILL 20 6.0 1.36 
NO-TILL 20 7.5 1.39 
NO-TILL 20 9.0 1.38 
NO-TILL 20 10.5 1.41 
NO-TILL 20 12.0 1.45 
NO-TILL 21 6.0 1.31 
NO-TILL 21 7.5 1.28 
NO-TILL 21 9.0 1.30 
NO-TILL 21 10.5 1.32 
NO-TiLL 21 12.0 1.44 
NO-TILL 34 6.0 1.23 
NO-TILL 34 7.5 1.26 
NO-TILL 34 9.0 1.30 
NO-TILL 34 10.5 1.40 
NO-TILL 34 12.0 1.42 
NO-TILL 35 6.0 1.29 
NO-TILL 35 7.5 1.27 
NO-TILL 35 9.0 1.32 
NO-TILL 35 10.5 1.34 
NO-TILL 35 12.0 1.42 
NO-TILL 56 6.0 1.25 
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REP TILLAGE CORE 
2 NO-TILL 56 
2 NO-TILL 56 
2 NO-TILL 56 
2 NO-TILL 56 
3 REDUCED 40 
3 REDUCED 40 
3 REDUCED 40 
3 REDUCED 40 
3 REDUCED 40 
3 REDUCED 41 
3 REDUCED 41 
3 REDUCED 41 
3 REDUCED 41 
3 REDUCED 41 
3 REDUCED 42 
3 REDUCED 42 
3 REDUCED 42 
3 REDUCED 42 
3 REDUCED 42 
3 REDUCED 46 
3 REDUCED 46 
3 REDUCED 46 
3 REDUCED 46 
3 REDUCED 46 
3 REDUCED 47 
3 REDUCED 47 
3 REDUCED 47 
3 REDUCED 47 
3 REDUCED 47 
3 REDUCED 48 
3 REDUCED 48 
3 REDUCED 48 
3 REDUCED 48 
3 REDUCED 48 
3 CONV. 43 
3 CONV. 43 
3 CONV. 43 
3 CONV. 43 
3 CONV. 43 
3 CONV. 44 
3 CONV. 44 
3 CONV. 44 
3 CONV. 44 
3 CONV. 44 
DEPTH BULK DENSITY 
(CM.) (GM./CC.) 
7.5 1.25 
9.0 1.30 
10.5 1.28 
12.0 1.39 
6.0 1.56 
7.5 1.55 
9.0 1.52 
10.5 1.54 
12.0 1.53 
6.0 1.33 
7.5 1.34 
9.0 1.39 
10.5 1.53 
12.0 1.53 
6.0 1.47 
7.5 1.58 
9.0 1.55 
10.5 1.42 
12.0 1.55 
6.0 1.46 
7.5 1.49 
9.0 1.47 
10.5 1.54 
12.0 1.56 
6.0 1.51 
7.5 1.55 
9.0 1.52 
10.5 1.56 
12.0 1.56 
6.0 1.53 
7.5 1.52 
9.0 1.56 
10.5 1.55 
12.0 1.52 
6.0 1.21 
7.5 1.24 
9.0 1.37 
10.5 1.43 
12.0 1.41 
6.0 1.16 
7.5 1.25 
9.0 1.26 
10.5 1.36 
12.0 1.30 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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TILLAGE CORE DEPTH BULK DENSITY 
(CM.) (GM./CC.) 
CONV. 45 6.0 1.20 
CONV. 45 7.5 1.36 
CONV. 45 9.0 1.33 
CONV. 45 10.5 1.39 
CONV. 45 12.0 1.35 
CONV. 49 6.0 1.30 
CONV. 49 7.5 1.39 
CONV. 49 9.0 1.33 
CONV. 49 10.5 1.34 
CONV. 49 12.0 1.36 
CONV. 50 6.0 1.23 
CONV. 50 7.5 1.23 
CONV. 50 9.0 1.25 
CONV. 50 10.5 1.25 
CONV. 50 12.0 1.28 
CONV. 51 6.0 1.11 
CONV. 51 7.5 1.27 
CONV. 51 9.0 1.29 
CONV. 51 10.5 1.36 
CONV. 51 12.0 1.40 
NO-TILL 37 6.0 1.33 
NO-TILL 37 7.5 1.44 
NO-TILL 37 9.0 1.45 
NO-TILL 37 10.5 1.50 
NO-TILL 37 12.0 1.50 
NO-TILL 38 6.0 1.41 
NO-TILL 38 7.5 1.45 
NO-TILL 38 9.0 1.45 
NO-TILL 38 10.5 1.48 
NO-TILL 38 12.0 1.50 
NO-TILL 39 6.0 1.42 
NO-TILL 39 7.5 1.49 
NO-TILL 39 9.0 1.49 
NO-TILL 39 10.5 1.48 
NO-TILL 39 12.0 1.53 
NO-TILL 52 6.0 1.46 
NO-TILL 52 7.5 1.45 
NO-TILL 52 9.0 1.43 
NO-TILL 52 10.5 1.49 
NO-TILL 52 12.0 1.47 
NO-TILL 53 6.0 1.41 
NO-TILL 53 7.5 1.45 
NO-TILL 53 9.0 1.45 
NO-TILL 53 10.5 1.47 
83 
REP TILLAGE CORE 
3 NO-TILL 53 
3 NO-TILL 54 
3 NO-TILL 54 
3 NO-TILL 54 
3 NO-TILL 54 
3 NO-TILL 54 
DEPTH BULK DENSITY 
(CM.) (GM./CC.) 
12.0 1.50 
6.0 1.13 
7.5 1.33 
9.0 1.39 
10.5 1.44 
12.0 1.43 
84 
APPENDIX C. SOIL STRENGTH FOR 0 TO 39.22 kPa 
TENSION RANGE AT SITE 1 
TILLAGE CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
CONV. 1 5.0 0.00 2 1.57 
CONV. 1 5.0 0.00 2 1.37 
CONV. 1 5.0 0.00 2 1.67 
CONV. 1 5.0 0.00 2 1.27 
CONV. 1 5.0 0.00 2 1.37 
CONV. 3 5.0 19.61 3 52.96 
CONV. 3 5.0 19.61 3 39.23 
CONV. 3 5.0 19.61 3 55.90 
CONV. 3 5.0 19.61 3 39.23 
CONV. 3 5.0 19.61 3 41.19 
CONV. 5 5.0 39.22 4 35.30 
CONV. 5 5.0 39.22 4 30.40 
CONV. 5 5.0 39.22 4 19.61 
CONV. 5 5.0 39.22 4 44.13 
CONV. 5 5.0 39.22 4 23.54 
CONV. 1 7.5 0.00 3 6.37 
CONV. 1 7.5 0.00 3 6.57 
CONV. 1 7.5 0.00 3 3.73 
CONV. 1 7.5 0.00 3 4.41 
CONV. 1 7.5 0.00 3 5.10 
CONV. 3 7.5 19.61 4 69.63 
CONV. 3 7.5 19.61 4 31.38 
CONV. 3 7.5 19.61 4 39.23 
CONV. 3 7.5 19.61 4 22.56 
CONV. 3 7.5 19.61 4 86.30 
CONV. 5 7.5 39.22 4 27.46 
CONV. 5 7.5 39.22 4 23.54 
CONV. 5 7.5 39.22 4 81.40 
CONV. 5 7.5 39.22 4 23.54 
CONV. 5 7.5 39.22 4 60.80 
CONV. 2 10.0 0.00 3 23.54 
CONV. 2 10.0 0.00 3 25.50 
CONV. 2 10.0 0.00 3 29.42 
CONV. 2 10.0 0.00 3 39.23 
CONV. 2 10.0 0.00 3 49.03 
CONV. 4 10.0 19.61 4 86.30 
CONV. 4 10.0 19.61 4 81.40 
CONV. 4 10.0 19.61 4 79.43 
CONV. 4 10.0 19.61 4 131.41 
CONV. 4 10.0 19.61 4 81.40 
CONV. 6 10.0 39.22 4 117.68 
CONV. 6 10.0 39.22 4 109.83 
CONV. 6 10.0 39.22 4 109.83 
CONV. 6 10.0 39.22 4 126.51 
TILLAGE CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
CONV. 6 10.0 39.22 4 122.58 
CONV. 2 12.5 0.00 3 18.14 
CONV. 2 12.5 0.00 3 17.65 
CONV. 2 12.5 0.00 3 21.57 
CONV. 2 12.5 0.00 3 8.24 
CONV. 2 12.5 0.00 3 17.65 
CONV. 4 12.5 19.61 4 71.59 
CONV. 4 12.5 19.61 4 57.86 
CONV. 4 12.5 19.61 4 51.98 
CONV. 4 12.5 19.61 4 77.47 
CONV. 4 12.5 19.61 4 73.55 
CONV. 6 12.5 39.22 4 98.07 
CONV. 6 12.5 39.22 4 81.40 
CONV. 6 12.5 39.22 4 117.68 
CONV. 6 12.5 39.22 4 131.41 
CONV. 6 12.5 39.22 4 117.68 
NO-TILL 13 5.0 0.00 3 21.57 
NO-TILL 13 5.0 0.00 3 16.28 
NO-TILL 13 5.0 0.00 3 15.49 
NO-TILL 13 5.0 0.00 3 10.98 
NO-TILL 13 5.0 0.00 3 9.51 
NO-TILL 15 5.0 19.61 4 53.94 
NO-TILL 15 5.0 19.61 4 63.74 
NO-TILL 15 5.0 19.61 4 71.59 
NO-TILL 15 5.0 19.61 4 61.78 
NO-TILL 15 5.0 19.61 4 58.84 
NO-TILL 17 5.0 39.22 4 95.12 
NO-TILL 17 5.0 39.22 4 61.78 
NO-TILL 17 5.0 39.22 4 71.59 
NO-TILL 17 5.0 39.22 4 89.24 
NO-TILL 17 5.0 39.22 4 113.76 
NO-TILL 13 7.5 0.00 4 36.28 
NO-TILL 13 7.5 0.00 4 32.36 
NO-TILL 13 7.5 0.00 4 61.78 
NO-TILL 13 7.5 0.00 4 27.46 
NO-TILL 13 7.5 0.00 4 38.25 
NO-TILL 15 7.5 19.61 4 67.67 
NO-TILL 15 7.5 19.61 4 69.63 
NO-TILL 15 7.5 19.61 4 71.59 
NO-TILL 15 7.5 19.61 4 49.03 
NO-TILL 15 7.5 19.61 4 109.83 
NO-TILL 17 7.5 39.22 4 101.01 
NO-TILL 17 7.5 39.22 4 86.30 
NO-TILL 17 7.5 39.22 4 51.98 
TILLAGE CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
NO-TILL 17 7.5 39.22 4 58.84 
NO-TILL 17 7.5 39.22 4 61.78 
NO-TILL 14 10.0 0.00 4 73.55 
NO-TILL 14 10.0 0.00 4 51.98 
NO-TILL 14 10.0 0.00 4 61.78 
NO-TILL 14 10.0 0.00 4 77.47 
NO-TILL 14 10.0 0.00 4 71.59 
NO-TILL 16 10.0 19.61 4 109.83 
NO-TILL 16 10.0 19.61 4 77.47 
NO-TILL 16 10.0 19.61 4 95.12 
NO-TILL 16 10.0 19.61 4 86.30 
NO-TILL 16 10.0 19.61 4 101.01 
NO-TILL 18 10.0 39.22 4 152.98 
NO-TILL 18 10.0 39.22 4 172.60 
NO-TILL 18 10.0 39.22 4 131.41 
NO-TILL 18 10.0 39.22 4 147.10 
NO-TILL 18 10.0 39.22 4 147.10 
NO-TILL 14 12.5 0.00 4 95.12 
NO-TILL 14 12.5 0.00 4 81.40 
NO-TILL 14 12.5 0.00 4 86.30 
NO-TILL 14 12.5 0.00 4 67.67 
NO-TILL 14 12.5 0.00 4 95.12 
NO-TILL 16 12.5 19.61 4 113.76 
NO-TILL 16 12.5 19.61 4 58.84 
NO-TILL 16 12.5 19.61 4 89.24 
NO-TILL 16 12.5 19.61 4 117.68 
NO-TILL 16 12.5 19.61 4 113.76 
NO-TILL 18 12.5 39.22 4 141.22 
NO-TILL 18 12.5 39.22 4 205.94 
NO-TILL 18 12.5 39.22 4 196.13 
NO-TILL 18 12.5 39.22 4 131.41 
NO-TILL 18 12.5 39.22 4 179.46 
REDUCED 5 5.0 0.00 2 1.86 
REDUCED 5 5.0 0.00 2 2.65 
REDUCED 5 5.0 0.00 2 5.00 
REDUCED 5 5.0 0.00 2 1.77 
REDUCED 5 5.0 0.00 2 3.14 
REDUCED 9 5.0 19.61 4 50.99 
REDUCED 9 5.0 19.61 4 61.78 
REDUCED 9 5.0 19.61 4 71.59 
REDUCED 9 5.0 19.61 4 81.40 
REDUCED 9 5.0 19.61 4 61.78 
REDUCED 11 5.0 39.22 4 49.03 
REDUCED 11 5.0 39.22 4 54.92 
TILLAGE CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
REDUCED 11 5.0 39.22 4 53.94 
REDUCED 11 5.0 39.22 4 71.59 
REDUCED 11 5.0 39.22 4 75.51 
REDUCED 3 7.5 0.00 3 25.50 
REDUCED 3 7.5 0.00 3 41.19 
REDUCED 3 7.5 0.00 3 36.28 
REDUCED 3 7.5 0.00 3 35.30 
REDUCED 3 7.5 0.00 3 43.15 
REDUCED 9 7.5 19.61 4 44.13 
REDUCED 9 7.5 19.61 4 27.46 
REDUCED 9 7.5 19.61 4 95.12 
REDUCED 9 7.5 19.61 4 48.05 
REDUCED 9 7.5 19.61 4 42.17 
REDUCED 11 7.5 39.22 4 32.36 
REDUCED 11 7.5 39.22 4 39.23 
REDUCED 11 7.5 39.22 4 86.30 
REDUCED 11 7.5 39.22 4 39.23 
REDUCED 11 7.5 39.22 4 39.23 
REDUCED 6 10.0 0.00 4 77.47 
REDUCED 6 10.0 0.00 4 71.59 
REDUCED 6 10.0 0.00 4 63.74 
REDUCED 6 10.0 0.00 4 53.94 
REDUCED 6 10.0 0.00 4 54.92 
REDUCED 10 10.0 19.61 4 86.30 
REDUCED 10 10.0 19.61 4 81.40 
REDUCED 10 10.0 19.61 4 95.12 
REDUCED 10 10.0 19.61 4 89.24 
REDUCED 10 10.0 19.61 4 101.01 
REDUCED 12 10.0 39.22 4 75.51 
REDUCED 12 10.0 39.22 4 79.43 
REDUCED 12 10.0 39.22 4 117.68 
REDUCED 12 10.0 39.22 4 103.95 
REDUCED 12 10.0 39.22 4 109.83 
REDUCED 4 12.5 0.00 4 41.19 
REDUCED 4 12.5 0.00 4 39.23 
REDUCED 4 12.5 0.00 4 49.03 
REDUCED 4 12.5 0.00 4 48.05 
REDUCED 4 12.5 0.00 4 49.03 
REDUCED 10 12.5 19.61 4 69.63 
REDUCED 10 12.5 19.61 4 58.84 
REDUCED 10 12.5 19.61 4 89.24 
REDUCED 10 12.5 19.61 4 136.31 
REDUCED 10 12.5 19.61 4 51.98 
REDUCED 12 12.5 39.22 4 113.76 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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TILLAGE 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CORE DEPTH TENSION CONE SOIL STRENGTH 
ER (CM.) (KPA.) NUMBER (KPA.) 
12 12.5 39.22 4 109.83 
12 12.5 39.22 4 109.83 
12 12.5 39.22 4 205.94 
12 12.5 39.22 4 106.89 
13 5.0 0.00 3 4.31 
13 5.0 0.00 3 3.73 
13 5.0 0.00 3 3.14 
13 5.0 0.00 3 2.84 
13 5.0 0.00 3 2.94 
15 5.0 19.61 4 30.40 
15 5.0 19.61 4 27.46 
15 5.0 19.61 4 20.59 
15 5.0 19.61 4 37.27 
15 5.0 19.61 4 19.61 
17 5.0 39.22 4 22.56 
17 5.0 39.22 4 16.48 
17 5.0 39.22 4 81.40 
17 5.0 39.22 4 71.59 
17 5.0 39.22 4 17.65 
1 7.5 0.00 3 4.22 
1 7.5 0.00 3 5.49 
1 7.5 0.00 3 6.37 
1 7.5 0.00 3 5.49 
1 7.5 0.00 3 6.57 
3 7.5 19.61 4 19.42 
3 7.5 19.61 4 23.54 
3 7.5 19.61 4 27.46 
3 7.5 19.61 4 23.54 
3 7.5 19.61 4 23.54 
5 7.5 39.22 4 54.92 
5 7.5 39.22 4 35.30 
5 7.5 39.22 4 39.23 
5 7.5 39.22 4 30.40 
5 7.5 39.22 4 29.42 
14 10.0 0.00 3 19.12 
14 10.0 0.00 3 33.34 
14 10.0 0.00 3 39.23 
14 10.0 0.00 3 27.46 
14 10.0 0.00 3 20.59 
16 10.0 19.61 4 57.86 
16 10.0 19.61 4 50.01 
16 10.0 19.61 4 50.01 
16 10.0 19.61 4 61.78 
16 10.0 19.61 4 30.40 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
90 
TILLAGE CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
CONV. 18 10.0 39.22 4 101.01 
CONV. 18 10.0 39.22 4 95.12 
CONV. 18 10.0 39.22 4 101.01 
CONV. 18 10.0 39.22 4 103.95 
CONV. 18 10.0 39.22 4 83.36 
CONV. 2 12.5 0.00 3 16.67 
CONV. 2 12.5 0.00 3 27.46 
CONV. 2 12.5 0.00 3 23.54 
CONV. 2 12.5 0.00 3 20.59 
CONV. 2 12.5 0.00 3 27.46 
CONV. 4 12.5 19.61 4 63.74 
CONV. 4 12.5 19.61 4 63.74 
CONV. 4 12.5 19.61 4 77.47 
CONV. 4 12.5 19.61 4 81.40 
CONV. 4 12.5 19.61 4 73.55 
CONV. 6 12.5 39.22 4 109.83 
CONV. 6 12.5 39.22 4 103.95 
CONV. 6 12.5 39.22 4 75.51 
CONV. 6 12.5 39.22 4 89.24 
CONV. 6 12.5 39.22 4 109.83 
NO-TILL 7 5.0 0.00 3 12.26 
NO-TILL 7 5.0 0.00 3 14.42 
NO-TILL 7 5.0 0.00 3 10.59 
NO-TILL 7 5.0 0.00 3 18.63 
NO-TILL 7 5.0 0.00 3 15.89 
NO-TILL 9 5.0 19.61 4 58.84 
NO-TILL 9 5.0 19.61 4 54.92 
NO-TILL 9 5.0 19.61 4 53.94 
NO-TILL 9 5.0 19.61 4 60.80 
NO-TILL 9 5.0 19.61 4 48.05 
NO-TILL 11 5.0 39.22 4 73.55 
NO-TILL 11 5.0 39.22 4 101.01 
NO-TILL 11 5.0 39.22 4 86.30 
NO-TILL 11 5.0 39.22 4 53.94 
NO-TILL 11 5.0 39.22 4 101.01 
NO-TILL 7 7.5 0.00 4 75.51 
NO-TILL 7 7.5 0.00 4 49.03 
NO-TILL 7 7.5 0.00 4 37.27 
NO-TILL 7 7.5 0.00 4 42.17 
NO-TILL 7 7.5 0.00 4 38.25 
NO-TILL 15 7.5 19.61 4 101.01 
NO-TILL 15 7.5 19.61 4 109.83 
NO-TILL 15 7.5 19.61 4 98.07 
NO-TILL 15 7.5 19.61 4 81.40 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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TILLAGE 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
CORE DEPTH TENSION CONE SOIL STRENGTH 
ER (CM.) (KPA.) NUMBER (KPA.) 
15 7.5 19.61 4 113.76 
17 7.5 39.22 4 131.41 
17 7.5 39.22 4 131.41 
17 7.5 39.22 4 117.68 
17 7.5 39.22 4 122.58 
17 7.5 39.22 4 98.07 
8 10.0 0.00 4 75.51 
8 10.0 0.00 4 45.11 
8 10.0 0.00 4 71.59 
8 10.0 0.00 4 69.63 
8 10.0 0.00 4 39.23 
10 10.0 19.61 4 79.43 
10 10.0 19.61 4 77.47 
10 10.0 19.61 4 71.59 
10 10.0 19.61 4 81.40 
10 10.0 19.61 4 109.83 
12 10.0 39.22 4 117.68 
12 10.0 39.22 4 122.58 
12 10.0 39.22 4 109.83 
12 10.0 39.22 4 109.83 
12 10.0 39.22 4 109.83 
8 12.5 0.00 4 36.28 
8 12.5 0.00 4 41.19 
8 12.5 0.00 4 61.78 
8 12.5 0.00 4 81.40 
8 12.5 0.00 4 60.80 
16 12.5 19.61 4 147.10 
16 12.5 19.61 4 103.95 
16 12.5 19.61 4 103.95 
16 12.5 19.61 4 98.07 
16 12.5 19.61 4 106.89 
18 12.5 39.22 4 113.76 
18 12.5 39.22 4 117.68 
18 12.5 39.22 4 152.98 
18 12.5 39.22 4 165.73 
18 12.5 39.22 4 147.10 
1 5.0 0.00 3 8.53 
1 5.0 0.00 3 15.10 
1 5.0 0.00 3 7.75 
1 5.0 0.00 3 9.02 
1 5.0 0.00 3 14.81 
3 5.0 19.61 4 81.40 
3 5.0 19.61 4 48.05 
3 5.0 19.61 4 57.86 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
92 
TILLAGE 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
CORE DEPTH TENSION CONE SOIL STRENGTH 
ER (CM.) (KPA.) NUMBER (KPA.) 
3 5.0 19.61 4 89.24 
3 5.0 19.61 4 65.70 
5 5.0 39.22 4 61.78 
5 5.0 39.22 4 95.12 
5 5.0 39.22 4 75.51 
5 5.0 39.22 4 60.80 
5 5.0 39.22 4 77.47 
7 7.5 0.00 4 58.84 
7 7.5 0.00 4 58.84 
7 7.5 0.00 4 46.09 
7 7.5 0.00 4 37.27 
7 7.5 0.00 4 20.59 
9 7.5 19.61 4 101.01 
9 7.5 19.61 4 92.18 
9 7.5 19.61 4 113.76 
9 7.5 19.61 4 117.68 
9 7.5 19.61 4 109.83 
1 7.5 39.22 4 86.30 
1 7.5 39.22 4 106.89 
1 7.5 39.22 4 79.43 
1 7.5 39.22 4 113.76 
1 7.5 39.22 4 147.10 
2 10.0 0.00 4 61.78 
2 10.0 0.00 4 44.13 
2 10.0 0.00 4 73.55 
2 10.0 0.00 4 67.67 
2 10.0 0.00 4 47.07 
4 10.0 19.61 4 86.30 
4 10.0 19.61 4 81.40 
4 10.0 19.61 4 101.01 
4 10.0 19.61 4 103.95 
4 10.0 19.61 4 103.95 
6 10.0 39.22 4 109.83 
6 10.0 39.22 4 122.58 
6 10.0 39.22 4 158.87 
6 10.0 39.22 4 131.41 
6 10.0 39.22 4 109.83 
8 12.5 0.00 4 158.87 
8 12.5 0.00 4 122.58 
8 12.5 0.00 4 95.12 
8 12.5 0.00 4 75.51 
8 12.5 0.00 4 81.40 
10 12.5 19.61 4 141.22 
10 12.5 19.61 4 131.41 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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TILLAGE 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CORE DEPTH TENSION CONE SOIL STRENGTH 
ER (CM.) (KPA.) NUMBER (KPA.) 
10 12.5 19.61 4 113.76 
10 12.5 19.61 4 147.10 
10 12.5 19.61 4 122.58 
12 12.5 39.22 4 131.41 
12 12.5 39.22 4 109.83 
12 12.5 39.22 4 136.31 
12 12.5 39.22 4 141.22 
12 12.5 39.22 4 172.60 
7 5.0 0.00 4 23.54 
7 5.0 0.00 4 20.59 
7 5.0 0.00 4 54.92 
7 5.0 0.00 4 41.19 
7 5.0 0.00 4 38.25 
9 5.0 19.61 4 51.98 
9 5.0 19.61 4 47.07 
9 5.0 19.61 4 53.94 
9 5.0 19.61 4 34.32 
9 5.0 19.61 4 49.03 
11 5.0 39.22 4 75.51 
11 5.0 39.22 4 54.92 
11 5.0 39.22 4 109.83 
11 5.0 39.22 4 95.12 
11 5.0 39.22 4 113.76 
11 7.5 0.00 2 4.41 
11 7.5 0.00 2 6.37 
11 7.5 0.00 2 6.67 
11 7.5 0.00 2 4.41 
11 7.5 0.00 2 4.51 
7 7.5 19.61 4 101.01 
7 7.5 19.61 4 81.40 
7 7.5 19.61 4 47.07 
7 7.5 19.61 4 101.01 
7 7.5 19.61 4 95.12 
9 7.5 39.22 4 117.68 
9 7.5 39.22 4 147.10 
9 7.5 39.22 4 122.58 
9 7.5 39.22 4 158.87 
9 7.5 39.22 4 165.73 
8 10.0 0.00 4 31.38 
8 10.0 0.00 4 47.07 
8 10.0 0.00 4 33.34 
8 10.0 0.00 4 29.42 
8 10.0 0.00 4 28.44 
10 10.0 19.61 4 131.41 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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TILLAGE CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
CONV. 10 10.0 19.61 4 141.22 
CONV. 10 10.0 19.61 4 152.98 
CONV. 10 10.0 19.61 4 136.31 
CONV. 10 10.0 19.61 4 141.22 
CONV. 12 10.0 39.22 4 141.22 
CONV. 12 10.0 39.22 4 205.94 
CONV. 12 10.0 39.22 4 172.60 
CONV. 12 10.0 39.22 4 187.31 
CONV. 12 10.0 39.22 4 158.87 
CONV. 12 12.5 0.00 4 57.86 
CONV. 12 12.5 0.00 4 24.52 
CONV. 12 12.5 0.00 4 43.15 
CONV. 12 12.5 0.00 4 41.19 
CONV. 12 12.5 0.00 4 57.86 
CONV. 8 12.5 19.61 4 131.41 
CONV. 8 12.5 19.61 4 131.41 
CONV. 8 12.5 19.61 4 109.83 
CONV. 8 12.5 19.61 4 147.10 
CONV. 8 12.5 19.61 4 109.83 
CONV. 10 12.5 39.22 4 122.58 
CONV. 10 12.5 39.22 4 131.41 
CONV. 10 12.5 39.22 4 152.98 
CONV. 10 12.5 39.22 4 152.98 
CONV. 10 12.5 39.22 4 131.41 
NO-TILL 1 5.0 0.00 3 4.61 
NO-TILL 1 5.0 0.00 3 3.53 
NO-TILL 1 5.0 0.00 3 3.04 
NO-TILL 1 5.0 0.00 3 4.22 
NO-TILL 1 5.0 0.00 3 4.61 
NO-TILL 3 5.0 19.61 4 34.32 
NO-TILL 3 5.0 19.61 4 39.23 
NO-TILL 3 5.0 19.61 4 28.44 
NO-TILL 3 5.0 19.61 4 31.38 
NO-TILL 3 5.0 19.61 4 33.34 
NO-TILL 17 5.0 39.22 4 20.59 
NO-TILL 17 5.0 39.22 4 51.98 
NO-TILL 17 5.0 39.22 4 26.48 
NO-TILL 17 5.0 39.22 4 25.50 
NO-TILL 17 5.0 39.22 4 28.44 
NO-TILL 13 7.5 0.00 3 29.42 
NO-TILL 13 7.5 0.00 3 36.28 
NO-TILL 13 7.5 0.00 3 18.14 
NO-TILL 13 7.5 0.00 3 39.23 
NO-TILL 13 7.5 0.00 3 28.44 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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TILLAGE 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
5 7.5 19.61 4 46.09 
5 7.5 19.61 4 24.52 
5 7.5 19.61 4 36.28 
5 7.5 19.61 4 27.46 
5 7.5 19.61 4 39.23 
15 7.5 39.22 4 23.54 
15 7.5 39.22 4 61.78 
15 7.5 39.22 4 63.74 
15 7.5 39.22 4 77.47 
15 7.5 39.22 4 51.98 
2 10.0 0.00 4 38.25 
2 10.0 0.00 4 49.03 
2 10.0 0.00 4 53.94 
2 10.0 0.00 4 39.23 
2 10.0 0.00 4 41.19 
4 10.0 19.61 4 152.98 
4 10.0 19.61 4 165.73 
4 10.0 19.61 4 158.87 
4 10.0 19.61 4 98.07 
4 10.0 19.61 4 122.58 
18 10.0 39.22 4 126.51 
18 10.0 39.22 4 152.98 
18 10.0 39.22 4 122.58 
18 10.0 39.22 4 126.51 
18 10.0 39.22 4 101.01 
14 12.5 0.00 4 54.92 
14 12.5 0.00 4 54.92 
14 12.5 0.00 4 46.09 
14 12.5 0.00 4 75.51 
14 12.5 0.00 4 65.70 
6 12.5 19.61 4 103.95 
6 12.5 19.61 4 122.58 
6 12.5 19.61 4 141.22 
6 12.5 19.61 4 122.58 
6 12.5 19.61 4 77.47 
16 12.5 39.22 4 101.01 
16 12.5 39.22 4 101.01 
16 12.5 39.22 4 126.51 
16 12.5 39.22 4 101.01 
16 12.5 39.22 4 101.01 
13 5.0 0.00 4 20.59 
13 5.0 0.00 4 22.56 
13 5.0 0.00 4 14.61 
13 5.0 0.00 4 17.16 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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TILLAGE 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
CORE DEPTH TENSION CONE SOIL STRENGTH 
ER (CM.) (KPA.) NUMBER (KPA.) 
13 5.0 0.00 4 18.63 
5 5.0 19.61 4 92.18 
5 5.0 19.61 4 63.74 
5 5.0 19.61 4 81.40 
5 5.0 19.61 4 81.40 
5 5.0 19.61 4 75.51 
15 5.0 39.22 4 86.30 
15 5.0 39.22 4 77.47 
15 5.0 39.22 4 103.95 
15 5.0 39.22 4 103.95 
15 5.0 39.22 4 103.95 
1 7.5 0.00 4 60.80 
1 7.5 0.00 4 58.84 
1 7.5 0.00 4 61.78 
1 7.5 0.00 4 54.92 
1 7.5 0.00 4 57.86 
3 7.5 19.61 4 92.18 
3 7.5 19.61 4 86.30 
3 7.5 19.61 4 109.83 
3 7.5 19.61 4 86.30 
3 7.5 19.61 4 103.95 
17 7.5 39.22 4 109.83 
17 7.5 39.22 4 109.83 
17 7.5 39.22 4 147.10 
17 7.5 39.22 4 103.95 
17 7.5 39.22 4 126.51 
14 10.0 0.00 4 55.90 
14 10.0 0.00 4 47.07 
14 10.0 0.00 4 55.90 
14 10.0 0.00 4 42.17 
14 10.0 0.00 4 49.03 
6 10.0 19.61 4 95.12 
6 10.0 19.61 4 101.01 
6 10.0 19.61 4 98.07 
6 10.0 19.61 4 126.51 
6 10.0 19.61 4 106.89 
16 10.0 39.22 4 117.68 
16 10.0 39.22 4 152.98 
16 10.0 39.22 4 122.58 
16 10.0 39.22 4 141.22 
16 10.0 39.22 4 141.22 
2 12.5 0.00 4 92.18 
2 12.5 0.00 4 73.55 
2 12.5 0.00 4 61.78 
97 
REP TILLAGE CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
3 REDUCED 2 12.5 0.00 4 73.55 
3 REDUCED 2 12.5 0.00 4 98.07 
3 REDUCED 4 12.5 19.61 4 103.95 
3 REDUCED 4 12.5 19.61 4 98.07 
3 REDUCED 4 12.5 19.61 4 122.58 
3 REDUCED 4 12.5 19.61 4 122.58 
3 REDUCED 4 12.5 19.61 4 101.01 
3 REDUCED 18 12.5 39.22 4 109.83 
3 REDUCED 18 12.5 39.22 4 113.76 
3 REDUCED 18 12.5 39.22 4 131.41 
3 REDUCED 18 12.5 39.22 4 106.89 
3 REDUCED 18 12.5 39.22 4 98.07 
98 
APPENDIX D. SOIL STRENGTH FOR 0 TO 39.22 kPa 
TENSION RANGE AT SITE 2 
TILLAGE CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
REDUCED 1 5.0 0.00 3 13.73 
REDUCED 1 5.0 0.00 3 12.26 
REDUCED 1 5.0 0.00 3 9.02 
REDUCED 1 5.0 0.00 3 15.49 
REDUCED 1 5.0 0.00 3 17.65 
REDUCED 2 5.0 19.61 4 61.78 
REDUCED 2 5.0 19.61 4 81.40 
REDUCED 2 5.0 19.61 4 86.30 
REDUCED 2 5.0 19.61 4 81.40 
REDUCED 2 5.0 19.61 4 95.12 
REDUCED 3 5.0 39.22 4 71.59 
REDUCED 3 5.0 39.22 4 71.59 
REDUCED 3 5.0 39.22 4 81.40 
REDUCED 3 5.0 39.22 4 77.47 
REDUCED 3 5.0 39.22 4 67.67 
REDUCED 13 7.5 0.00 4 36.28 
REDUCED 13 7.5 0.00 4 30.40 
REDUCED 13 7.5 0.00 4 39.23 
REDUCED 13 7.5 0.00 4 39.23 
REDUCED 13 7.5 0.00 4 44.13 
REDUCED 14 7.5 19.61 4 81.40 
REDUCED 14 7.5 19.61 4 81.40 
REDUCED 14 7.5 19.61 4 81.40 
REDUCED 14 7.5 19.61 4 95.12 
REDUCED 14 7.5 19.61 4 81.40 
REDUCED 55 7.5 39.22 4 75.51 
REDUCED 55 7.5 39.22 4 113.76 
REDUCED 55 7.5 39.22 4 101.01 
REDUCED 55 7 .5 39.22 4 179.46 
REDUCED 55 7.5 39.22 4 117.68 
REDUCED 1 10.0 0.00 4 58.84 
REDUCED 1 10.0 0.00 4 81.40 
REDUCED 1 10.0 0.00 4 81.40 
REDUCED 1 10.0 0.00 4 101.01 
REDUCED 1 10.0 0.00 4 61.78 
REDUCED 2 10.0 19.61 4 81.40 
REDUCED 2 10.0 19.61 4 95.12 
REDUCED 2 10.0 19.61 4 109.83 
REDUCED 2 10.0 19.61 86.30 
REDUCED 2 10.0 19.61 4 81.40 
REDUCED 3 10.0 39.22 4 141.22 
REDUCED 3 10.0 39.22 4 147.10 
REDUCED 3 10.0 39.22 4 147.10 
REDUCED 3 10.0 39.22 4 172.60 
100 
TILLAGE CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
REDUCED 3 10.0 39.22 4 215.75 
REDUCED 14 12.5 0.00 4 39.23 
REDUCED 14 12.5 0.00 4 58.84 
REDUCED 14 12.5 0.00 4 89.24 
REDUCED 14 12.5 0.00 4 36.28 
REDUCED 14 12.5 0.00 4 44.13 
REDUCED 14 12.5 19.61 4 158.87 
REDUCED 14 12.5 19.61 4 109.83 
REDUCED 14 12.5 19.61 4 131.41 
REDUCED 14 12.5 19.61 4 109.83 
REDUCED 14 12.5 19.61 4 109.83 
REDUCED 55 12.5 39.22 4 245.17 
REDUCED 55 12.5 39.22 4 158.87 
REDUCED 55 12.5 39.22 4 179.46 
REDUCED 55 12.5 39.22 4 158.87 
REDUCED 55 12.5 39.22 4 152.98 
CONV. 7 5.0 0.00 3 15.49 
CONV. 7 5.0 0.00 3 5.10 
CONV. 7 5.0 0.00 3 10.98 
CONV. 7 5.0 0.00 3 9.90 
CONV. 7 5.0 0.00 3 10.98 
CONV. 8 5.0 19.61 4 25.50 
CONV. 8 5.0 19.61 4 54.92 
CONV. 8 5.0 19.61 4 21.57 
CONV. 8 5.0 19.61 4 23.54 
CONV. 8 5.0 19.61 4 30.40 
CONV. 9 5.0 39.22 4 81.40 
CONV. 9 5.0 39.22 4 44.13 
CONV. 9 5.0 39.22 4 81.40 
CONV. 9 5.0 39.22 4 71.59 
CONV. 9 5.0 39.22 4 131.41 
CONV. 16 7.5 0.00 3 4.41 
CONV. 16 7.5 0.00 3 7.55 
CONV. 16 7.5 0.00 3 6.86 
CONV. 16 7.5 0.00 3 5.10 
CONV. 16 7.5 0.00 3 5.88 
CONV. 17 7.5 19.61 4 49.03 
CONV. 17 7.5 19.61 4 58.84 
CONV. 17 7.5 19.61 4 49.03 
CONV. 17 7.5 19.61 4 54.92 
CONV. 17 7.5 19.61 4 54.92 
CONV. 18 7.5 39.22 4 71.59 
CONV. 18 7.5 39.22 4 86.30 
CONV. 18 7.5 39.22 4 71.59 
101 
TILLAGE CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
CONV. 18 7.5 39.22 4 86.30 
CONV. 18 7.5 39.22 4 81.40 
CONV. 7 10.0 0.00 3 17.65 
CONV. 7 10.0 0.00 3 49.03 
CONV. 7 10.0 0.00 3 10.98 
CONV. 7 10.0 0.00 3 27.46 
CONV. 7 10.0 0.00 3 17.65 
CONV. 8 10.0 19.61 4 71.59 
CONV. 8 10.0 19.61 4 79.43 
CONV. 8 10.0 19.61 4 86.30 
CONV. 8 10.0 19.61 4 131.41 
CONV. 8 10.0 19.61 4 109.83 
CONV. 9 10.0 39.22 4 95.12 
CONV. 9 10.0 39.22 4 95.12 
CONV. 9 10.0 39.22 4 158.87 
CONV. 9 10.0 39.22 4 122.58 
CONV. 9 10.0 39.22 4 109.83 
CONV. 16 12.5 0.00 4 44.13 
CONV. 16 12.5 0.00 4 27.46 
CONV. 16 12.5 0.00 4 25.50 
CONV. 16 12.5 0.00 4 39.23 
CONV. 16 12.5 0.00 4 23.54 
CONV. 17 12.5 19.61 4 71.59 
CONV. 17 12.5 19.61 4 49.03 
CONV. 17 12.5 19.61 4 95.12 
CONV. 17 12.5 19.61 4 81.40 
CONV. 17 12.5 19.61 4 117.68 
CONV. 18 12.5 39.22 4 86.30 
CONV. 18 12.5 39.22 4 89.24 
CONV. 18 12.5 39.22 4 117.68 
CONV. 18 12.5 39.22 4 86.30 
CONV. 18 12.5 39.22 4 109.83 
NO-TILL 4 5.0 0.00 3 9.02 
NO-TILL 4 5.0 0.00 3 11.77 
NO-TILL 4 5.0 0.00 3 9.90 
NO-TILL 4 5.0 0.00 3 9.90 
NO-TILL 4 5.0 0.00 3 9.02 
NO-TILL 5 5.0 19.61 4 44.13 
NO-TILL 5 5.0 19.61 4 41.19 
NO-TILL 5 5.0 19.61 4 49.03 
NO-TILL 5 5.0 19.61 4 54.92 
NO-TILL 5 5.0 19.61 4 71.59 
NO-TILL 6 5.0 39.22 4 71.59 
NO-TILL 6 5.0 39.22 4 65.70 
102 
TILLAGE CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
NO-TILL 6 5.0 39.22 4 27.46 
NO-TILL 6 5.0 39.22 4 39.23 
NO-TILL 6 5.0 39.22 4 49.03 
NO-TILL 10 7.5 0.00 3 9.90 
NO-TILL 10 7.5 0.00 3 6.37 
NO-TILL 10 7.5 0.00 3 5.10 
NO-TILL 10 7.5 0.00 3 8.53 
NO-TILL 10 7.5 0.00 3 9.90 
NO-TILL 11 7.5 19.61 4 54.92 
NO-TILL 11 7.5 19.61 4 61.78 
NO-TILL 11 7.5 19.61 4 71.59 
NO-TILL 11 7.5 19.61 4 47.07 
NO-TILL 11 7.5 19.61 4 77.47 
NO-TILL 12 7.5 39.22 4 95.12 
NO-TILL 12 7.5 39.22 4 103.95 
NO-TILL 12 7.5 39.22 4 81.40 
NO-TILL 12 7.5 39.22 4 158.87 
NO-TILL 12 7.5 39.22 4 117.68 
NO-TILL 4 10.0 0.00 4 54.92 
NO-TILL 4 10.0 0.00 4 39.23 
NO-TILL 4 10.0 0.00 4 61.78 
NO-TILL 4 10.0 0.00 4 61.78 
NO-TILL 4 10.0 0.00 4 49.03 
NO-TILL 5 10.0 19.61 4 71.59 
NO-TILL 5 10.0 19.61 4 61.78 
NO-TILL 5 10.0 19.61 4 101.01 
NO-TILL 5 10.0 19.61 4 109.83 
NO-TILL 5 10.0 19.61 4 81.40 
NO-TILL 6 10.0 39.22 4 131.41 
NO-TILL 6 10.0 39.22 4 172.60 
NO-TILL 6 10.0 39.22 4 131.41 
NO-TILL 6 10.0 39.22 4 131.41 
NO-TILL 6 10.0 39.22 4 196.13 
NO-TILL 10 12.5 O.OO 3 32.36 
NO-TILL 10 12.5 0.00 3 13.73 
NO-TILL 10 12.5 0.00 3 27.46 
NO-TILL 10 12.5 0.00 3 17.65 
NO-TILL 10 12.5 0.00 3 13.73 
NO-TILL 11 12.5 19.61 4 95.12 
NO-TILL 11 12.5 19.61 4 109.83 
NO-TILL 11 12.5 19.61 4 81.40 
NO-TILL 11 12.5 19.61 4 131.41 
NO-TILL 11 12.5 19.61 4 54.92 
NO-TILL 12 12.5 39.22 4 109.83 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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TILLAGE 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
CORE DEPTH TENSION CONE SOIL STRENGTH 
1ER (CM.) (KPA.) NUMBER (KPA.) 
12 12.5 39.22 4 131.41 
12 12.5 39.22 4 117.68 
12 12.5 39.22 4 131.41 
12 12.5 39.22 4 158.87 
22 5.0 0.00 4 23.54 
22 5.0 0.00 4 44.13 
22 5.0 0.00 4 27.46 
22 5.0 0.00 4 32.36 
22 5.0 0.00 4 30.40 
23 5.0 19.61 4 81.40 
23 5.0 19.61 4 95.12 
23 5.0 19.61 4 95.12 
23 5.0 19.61 4 86.30 
23 5.0 19.61 4 81.40 
24 5.0 39.22 4 117.68 
24 5.0 39.22 4 147.10 
24 5.0 39.22 4 172.60 
24 5.0 39.22 4 117.68 
24 5.0 39.22 4 172.60 
31 7.5 0.00 3 16.28 
31 7.5 0.00 3 27.46 
31 7.5 0.00 3 32.36 
31 7.5 0.00 3 27.46 
31 7.5 0.00 3 61.78 
32 7.5 19.61 4 71.59 
32 7.5 19.61 4 109.83 
32 7.5 19.61 4 37.27 
32 7.5 19.61 4 158.87 
32 7.5 19.61 4 50.99 
33 7.5 39.22 4 109.83 
33 7.5 39.22 4 86.30 
33 7.5 39.22 4 95.12 
33 7.5 39.22 4 117.68 
33 7.5 39.22 4 109.83 
22 10.0 0.00 4 32.36 
22 10.0 0.00 4 21.57 
22 10.0 0.00 4 39.23 
22 10.0 0.00 4 30.40 
22 10.0 0.00 4 39.23 
23 10.0 19.61 4 147.10 
23 10.0 19.61 4 141.22 
23 10.0 19.61 4 117.68 
23 10.0 19.61 4 158.87 
23 10.0 19.61 4 126.51 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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TILLAGE 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
24 10.0 39.22 4 158.87 
24 10.0 39.22 4 122.58 
24 10.0 39.22 4 141.22 
24 10.0 39.22 4 158.87 
24 10.0 39.22 4 131.41 
31 12.5 0.00 4 61.78 
31 12.5 0.00 4 54.92 
31 12.5 0.00 4 71.59 
31 12.5 0.00 4 51.98 
31 12.5 0.00 4 44.13 
32 12.5 19.61 4 117.68 
32 12.5 19.61 4 131.41 
32 12.5 19.61 4 109.83 
32 12.5 19.61 4 101.01 
32 12.5 19.61 4 109.83 
33 12.5 39.22 4 117.68 
33 12.5 39.22 4 131.41 
33 12.5 39.22 4 141.22 
33 12.5 39.22 4 109.83 
33 12.5 39.22 4 122.58 
25 5.0 0.00 3 4.41 
25 5.0 0.00 3 5.88 
25 5.0 0.00 3 5.49 
25 5.0 0.00 3 10.98 
25 5.0 0.00 3 6.86 
26 5.0 19.61 4 61.78 
26 5.0 19.61 4 61.78 
26 5.0 19.61 4 49.03 
26 5.0 19.61 4 54.92 
26 5.0 19.61 4 32.36 
27 5.0 39.22 4 58.84 
27 5.0 39.22 4 61.78 
27 5.0 39.22 4 83.36 
27 5.0 39.22 4 54.92 
27 5.0 39.22 4 67.67 
28 7.5 0.00 3 9.02 
28 7.5 0.00 3 5.88 
28 7.5 0.00 3 8.24 
28 7.5 0.00 3 9.90 
28 7.5 0.00 3 9.90 
29 7.5 19.61 4 44.13 
29 7.5 19.61 4 49.03 
29 7.5 19.61 4 44.13 
29 7.5 19.61 4 47.07 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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TILLAGE CORE 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
DEPTH TENSION CONE SOIL STRENGTH 
1ER (CM.) (KPA.) NUMBER (KPA.) 
29 7.5 19.61 4 41.19 
30 7.5 39.22 4 81.40 
30 7.5 39.22 4 86.30 
30 7.5 39.22 4 103.95 
30 7.5 39.22 4 77.47 
30 7.5 39.22 4 86.30 
25 10.0 0.00 4 44.13 
25 10.0 0.00 4 54.92 
25 10.0 0.00 4 49.03 
25 10.0 0.00 4 44.13 
25 10.0 0.00 4 44.13 
26 10.0 19.61 4 61.78 
26 10.0 19.61 4 71.59 
26 10.0 19.61 4 71.59 
26 10.0 19.61 4 81.40 
26 10.0 19.61 4 81.40 
27 10.0 39.22 4 86.30 
27 10.0 39.22 4 86.30 
27 10.0 39.22 4 95.12 
27 10.0 39.22 4 81.40 
27 10.0 39.22 4 95.12 
28 12.5 0.00 3 22.56 
28 12.5 0.00 3 22.56 
28 12.5 0.00 3 29.42 
28 12.5 0.00 3 49.03 
28 12.5 0.00 3 23.54 
29 12.5 19.61 4 58.84 
29 12.5 19.61 4 81.40 
29 12.5 19.61 4 65.70 
29 12.5 19.61 4 71.59 
29 12.5 19.61 4 81.40 
30 12.5 39.22 4 95.12 
30 12.5 39.22 4 95.12 
30 12.5 39.22 4 86.30 
30 12.5 39.22 4 103.95 
30 12.5 39.22 4 81.40 
19 5.0 0.00 3 12.26 
19 5.0 0.00 3 23.54 
19 5.0 0.00 3 17.65 
19 5.0 0.00 3 15.49 
19 5.0 0.00 3 20.59 
20 5.0 19.61 4 71.59 
20 5.0 19.61 4 54.92 
20 5.0 19.61 4 77.47 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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TILLAGE 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
20 5.0 19.61 4 65.70 
20 5.0 19.61 4 75.51 
21 5.0 39.22 4 131.41 
21 5.0 39.22 4 158.87 
21 5.0 39.22 4 81.40 
21 5.0 39.22 4 131.41 
21 5.0 39.22 4 109.83 
34 7.5 0.00 3 9.90 
34 7.5 0.00 3 17.65 
34 7.5 0.00 3 15.49 
34 7.5 0.00 3 12.26 
34 7.5 0.00 3 20.59 
35 7.5 19.61 4 71.59 
35 7.5 19.61 4 77.47 
35 7.5 19.61 4 81.40 
35 7.5 19.61 4 71.59 
35 7.5 19.61 4 95.12 
56 7.5 39.22 4 122.58 
56 7.5 39.22 4 77.47 
56 7.5 39.22 4 101.01 
56 7.5 39.22 4 103.95 
56 7.5 39.22 4 101.01 
19 10.0 0.00 3 27.46 
19 10.0 0.00 3 32.36 
19 10.0 0.00 3 13.73 
19 10.0 0.00 3 20.59 
19 10.0 0.00 3 21.57 
20 10.0 19.61 4 86.30 
20 10.0 19.61 4 71.59 
20 10.0 19.61 4 77.47 
20 10.0 19.61 4 81.40 
20 10.0 19.61 4 109.83 
21 10.0 39.22 4 95.12 
21 10.0 39.22 4 109.83 
21 10.0 39.22 4 109.83 
21 10.0 39.22 4 81.40 
21 10.0 39.22 4 109.S3 
34 12.5 0.00 3 20.59 
34 12.5 0.00 3 19.12 
34 12.5 0.00 3 15.49 
34 12.5 0.00 3 27.46 
34 12.5 0.00 3 17.65 
35 12.5 19.61 4 109.83 
35 12.5 19.61 4 95.12 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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TILLAGE 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
CORE DEPTH TENSION CONE SOIL STRENGTH 
1ER (CM.) (KPA.) NUMBER (KPA.) 
35 12.5 19.61 4 89.24 
35 12.5 19.61 4 95.12 
35 12.5 19.61 4 81.40 
56 12.5 39.22 4 103.95 
56 12.5 39.22 4 131.41 
56 12.5 39.22 4 131.41 
56 12.5 39.22 4 158.87 
56 12.5 39.22 4 165.73 
40 5.0 0.00 3 12.26 
40 5.0 0.00 3 15.49 
40 5.0 0.00 3 39.23 
40 5.0 0.00 3 17.65 
40 5.0 0.00 3 23.54 
41 5.0 19.61 4 54.92 
41 5.0 19.61 4 44.13 
41 5.0 19.61 4 71.59 
41 5.0 19.61 4 61.78 
41 5.0 19.61 4 50.99 
42 5.0 39.22 4 71.59 
42 5.0 39.22 4 95.12 
42 5.0 39.22 4 109.83 
42 5.0 39.22 4 81.40 
42 5.0 39.22 4 95.12 
46 7.5 0.00 4 49.03 
46 7.5 0.00 4 32.36 
46 7.5 0.00 4 42.17 
46 7.5 0.00 4 36.28 
46 7.5 0.00 4 49.03 
47 7.5 19.61 4 77.47 
47 7.5 19.61 4 122.58 
47 7.5 19.61 4 131.41 
47 7.5 19.61 4 101.01 
47 7.5 19.61 4 131.41 
48 7.5 39.22 4 158.87 
48 7.5 39.22 4 158.87 
48 7.5 39.22 4 158.87 
48 7.5 39.22 4 147.10 
48 7.5 39.22 4 158.87 
40 10.0 0.00 4 27.46 
40 10.0 0.00 4 47.07 
40 10.0 0.00 4 49.03 
40 10.0 0.00 4 32.36 
40 10.0 0.00 4 44.13 
41 10.0 19.61 4 131.41 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
9 
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TILLAGE CORE 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
REDUCED 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
DEPTH TENSION CONE SOIL STRENGTH 
1ER (CM.) CKPA.) NUMBER (KPA.) 
41 10.0 19.61 4 109.83 
41 10.0 19.61 4 103.95 
41 10.0 19.61 4 109.83 
41 10.0 19.61 4 109.83 
42 10.0 39.22 4 117.68 
42 10.0 39.22 4 158.87 
42 10.0 39.22 4 141.22 
42 10.0 39.22 4 147.10 
42 10.0 39.22 4 158.87 
46 12.5 0.00 4 58.84 
46 12.5 0.00 4 71.59 
46 12.5 0.00 4 44.13 
46 12.5 0.00 4 50.01 
46 12.5 0.00 4 49.03 
47 12.5 19.61 4 95.12 
47 12.5 19.61 4 141.22 
47 12.5 19.61 4 187.31 
47 12.5 19.61 4 92.18 
47 12.5 19.61 4 136.31 
48 12.5 39.22 4 126.51 
48 12.5 39.22 4 152.98 
48 12.5 39.22 4 122.58 
48 12.5 39.22 4 126.51 
48 12.5 39.22 4 103.95 
43 5.0 0.00 3 6.86 
43 5.0 0.00 3 13.73 
43 5.0 0.00 3 6.86 
43 5.0 0.00 3 5.49 
43 5.0 O.OO 3 3.92 
44 5.0 19.61 4 71.59 
44 5.0 19.61 4 54.92 
44 5.0 19.61 4 39.23 
44 5.0 19.61 4 54.92 
44 5.0 19.61 4 54.92 
45 5.0 39.22 4 61.78 
45 5.0 39.22 4 86.30 
45 5.0 39.22 4 77.47 
45 5.0 39.22 4 61.78 
45 5.0 39.22 4 86.30 
49 7.5 0.00 3 7.55 
49 7.5 0.00 3 7.55 
49 7.5 0.00 3 9.90 
49 7.5 0.00 3 10.98 
49 7.5 0.00 3 20.59 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
109 
TILLAGE CORE 
CONV. 
com. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
DEPTH TENSION CONE SOIL STRENGTH 
1ER (CM.) (KPA.) NUMBER (KPA.) 
50 7.5 19.61 4 36.28 
50 7.5 19.61 4 39.23 
50 7.5 19.61 4 35.30 
50 7.5 19.61 4 41.19 
50 7.5 19.61 4 44.13 
51 7.5 39.22 4 101.01 
51 7.5 39.22 4 86.30 
51 7.5 39.22 4 71.59 
51 7.5 39.22 4 81.40 
51 7.5 39.22 4 58.84 
43 10.0 0.00 3 20.59 
43 10.0 0.00 3 32.36 
43 10.0 0.00 3 15.49 
43 10.0 0.00 3 20.59 
43 10.0 0.00 3 10.98 
44 10.0 19.61 4 50.99 
44 10.0 19.61 4 38.25 
44 10.0 19.61 4 54.92 
44 10.0 19.61 4 71.59 
44 10.0 19.61 4 51.98 
45 10.0 39.22 4 117.68 
45 10.0 39.22 4 131.41 
45 10.0 39.22 4 122.58 
45 10.0 39.22 4 61.78 
45 10.0 39.22 4 109.83 
49 12.5 0.00 3 20.59 
49 12.5 0.00 3 15.49 
49 12.5 0.00 3 9.02 
49 12.5 0.00 3 10.79 
49 12.5 0.00 3 12.26 
50 12.5 19.61 4 73.55 
50 12.5 19.61 4 61.78 
50 12.5 19.61 4 81.40 
50 12.5 19.61 4 81.40 
50 12.5 19.61 4 81.40 
51 12.5 39.22 4 65.70 
51 12.5 39.22 4 79.43 
51 12.5 39.22 4 83.36 
51 12.5 39.22 4 81.40 
51 12.5 39.22 4 81.40 
37 5.0 0.00 3 23.54 
37 5.0 0.00 3 27.46 
37 5.0 0.00 3 61.78 
37 5.0 0.00 3 27.46 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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TILLAGE CORE 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
DEPTH TENSION CONE SOIL STRENGTH 
1ER (CM.) (KPA.) NUMBER (KPA.) 
37 5.0 0.00 3 43.15 
39 5.0 19.61 4 71.59 
39 5.0 19.61 4 71.59 
39 5.0 19.61 4 95.12 
39 5.0 19.61 4 131.41 
39 5.0 19.61 4 95.12 
38 5.0 39.22 4 109.83 
38 5.0 39.22 4 131.41 
38 5.0 39.22 4 109.83 
38 5.0 39.22 4 109.83 
38 5.0 39.22 4 158.87 
52 7.5 0.00 4 20.59 
52 7.5 0.00 4 27.46 
52 7.5 0.00 4 49.03 
52 7.5 0.00 4 39.23 
52 7.5 0.00 4 25.50 
53 7.5 19.61 4 106.89 
53 7.5 19.61 4 95.12 
53 7.5 19.61 4 95.12 
53 7.5 19.61 4 81.40 
53 7.5 19.61 4 95.12 
54 7.5 39.22 4 103.95 
54 7.5 39.22 4 92.18 
54 7.5 39.22 4 117.68 
54 7.5 39.22 4 109.83 
54 7.5 39.22 4 122.58 
37 10.0 0.00 4 55.90 
37 10.0 0.00 4 53.94 
37 10.0 0.00 4 49.03 
37 10.0 0.00 4 49.03 
37 10.0 0.00 4 44.13 
39 10.0 19.61 4 147.10 
39 10.0 19.61 4 98.07 
39 10.0 19.61 4 103.95 
39 10.0 19.61 4 61.78 
39 10.0 19.61 4 131.41 
38 10.0 39.22 4 131.41 
38 10.0 39.22 4 126.51 
38 10.0 39.22 4 131.41 
38 10.0 39.22 4 147.10 
38 10.0 39.22 4 131.41 
52 12.5 0.00 4 95.12 
52 12.5 0.00 4 53.94 
52 12.5 0.00 4 81.40 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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TILLAGE CORE DEPTH TENSION CONE SOIL STRENGTH 
NUMBER (CM.) (KPA.) NUMBER (KPA.) 
NO-TILL 52 12.5 0.00 4 77.47 
NO-TILL 52 12.5 0.00 4 44.13 
NO-TILL 53 12.5 19.61 4 122,58 
NO-TILL 53 12.5 19.61 4 89.24 
NO-TILL 53 12.5 19.61 4 61.78 
NO-TILL 53 12.5 19.61 4 103.95 
NO-TILL 53 12.5 19.61 4 89.24 
NO-TILL 54 12.5 39.22 4 131.41 
NO-TILL 54 12.5 39.22 4 158.87 
NO-TILL 54 12.5 39.22 4 77.47 
NO-TILL 54 12.5 39.22 4 131.41 
NO-TILL 54 12.5 39.22 4 117.68 
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APPENDIX E. SOIL VOLUMETRIC WATER CONTENT (THETA) FOR 
0 TO 39.22 kPa TENSION RANGE AT SITE 1 
113 
REP TILLAGE 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
CORE DEPTH TENSION 
NUMBER NUMBER (KPA.) 
1 1 0.00 
46 1 0.00 
1 1 0.98 
46 0.98 
1 1 1.96 
46 1 1.96 
1 1 3.43 
46 1 3.43 
1 1 4.90 
46 1 4.90 
1 1 6.37 
46 1 6.37 
1 1 7.84 
46 1 7.84 
1 1 9.84 
46 1 9.84 
2 1 19.61 
47 1 19.61 
3 1 39.22 
48 1 39.22 
1 2 0.00 
46 2 0.00 
1 2 0.98 
46 2 0.98 
1 2 1.96 
46 2 1.96 
1 2 3.43 
46 2 3.43 
1 2 4.90 
46 2 4.90 
1 2 6.37 
46 2 6.37 
1 2 7.84 
46 2 7.84 
1 2 9.84 
46 2 9.84 
2 2 19.61 
47 2 19.61 
3 2 39.22 
48 2 39.22 
7 1 0.00 
52 1 0.00 
7 1 0.98 
52 1 0.98 
THETA BULK DENSITY 
(CC./CC.) (GM./CC.) 
0.61 1.08 
0.61 0.99 
0.49 1.08 
0.47 0.99 
0.45 1.08 
0.39 0.99 
0.40 1.08 
0.34 0.99 
0.38 1.08 
0.36 1.17 
0.36 1.08 
0.30 0.99 
0.35 1.08 
0.29 0.99 
0.34 1.08 
0.28 0.99 
0.28 1.07 
0.29 1.06 
0.26 1.08 
0.25 1.05 
0.53 1.33 
0.53 1.17 
0.46 1.33 
0.44 1.17 
0.45 1.33 
0.40 1.17 
0.43 1.33 
0.37 1.17 
0.42 1.33 
0.31 0.99 
0.41 1.33 
0.34 1.17 
0.41 1.33 
0.34 1.17 
0.40 1.33 
0.33 1.17 
0.33 1.27 
0.34 1.18 
0.34 1.30 
0.33 1.22 
0.59 1.09 
0.58 1.09 
0.52 1.09 
0.51 1.09 
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TILLAGE CORE DEPTH TENSION THETA BULK DENSITY 
NUMBER NUMBER (KPA.) (CC./CC.) (GM./CC.) 
NO-TILL 7 1 1.96 0.50 1.09 
NO-TILL 52 1 1.96 0.45 1.09 
NO-TILL 7 1 3.43 0.47 1.09 
NO-TILL 52 1 3.43 0.41 1.09 
NO-TILL 7 1 4.90 0.49 1.32 
NO-TILL 52 1 4.90 0.42 1.29 
NO-TILL 7 1 6.37 0.43 1.09 
NO-TILL 52 1 6.37 0.37 1.09 
NO-TILL 7 1 7.84 0.42 1.09 
NO-TILL 52 1 7.84 0.37 1.09 
NO-TILL 7 1 9.84 0.42 1.09 
NO-TILL 52 1 9.84 0.36 1.09 
NO-TILL 8 1 19.61 0.36 1.04 
NO-TILL 53 1 19.61 0.35 1.05 
NO-TILL 9 1 39.22 0.33 1.13 
NO-TILL 54 1 39.22 0.32 0.97 
NO-TILL 7 2 0.00 0.52 1.32 
NO-TILL 52 2 0.00 0.47 1.29 
NO-TILL 7 2 0.98 0.51 1.32 
NO-TILL 52 2 0.98 0.44 1.29 
NO-TILL 7 2 1.96 0.50 1.32 
NO-TILL 52 2 1.96 0.43 1.29 
NO-TILL 7 2 3.43 0.49 1.32 
NO-TILL 52 2 3.43 0.42 1.29 
NO-TILL 7 2 4.90 0.45 1.09 
NO-TILL 52 2 4.90 0.38 1.09 
NO-TILL 7 2 6.37 0.48 1.32 
NO-TILL 52 2 6.37 0.42 1.29 
NO-TILL 7 2 7.84 0.48 1.32 
NO-TILL 52 2 7.84 0.41 1.29 
NO-TILL 7 2 9.84 0.48 1.32 
NO-TILL 52 2 9.84 0.41 1.29 
NO-TILL 8 2 19.61 0.38 1.19 
NO-TILL 53 2 19.61 0.41 1.25 
NO-TILL 9 2 39.22 0.41 1.25 
NO-TILL 54 2 39.22 0.40 1.25 
REDUCED 58 1 0.00 0.63 0.87 
REDUCED 57 1 0.00 0.65 0.83 
REDUCED 58 1 0.98 0.52 0.87 
REDUCED 57 1 0.98 0.50 0.83 
REDUCED 58 1 1.96 0.46 0.87 
REDUCED 57 1 1.96 0.45 0.83 
REDUCED 58 1 3.43 0.41 0.87 
REDUCED 57 1 3.43 0.41 0.83 
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REP 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
TILLAGE CORE DEPTH TENSION THETA BULK DENSITY 
NUMBER NUMBER (KPA.) (CC./CC.) (GM./CC.) 
REDUCED 58 1 4.90 0.38 0.87 
REDUCED 57 4.90 0.48 1.23 
REDUCED 58 1 6.37 0.37 0.87 
REDUCED 57 1 6.37 0.37 0.83 
REDUCED 58 1 7.84 0.36 0.87 
REDUCED 57 1 7.84 0.36 0.83 
REDUCED 58 1 9.84 0.35 0.87 
REDUCED 57 1 9.84 0.35 0.83 
REDUCED 5 1 19.61 0.42 1.07 
REDUCED 50 1 19.61 0.34 0.91 
REDUCED 6 1 39.22 0.40 1.11 
REDUCED 51 1 39.22 0.31 0.89 
REDUCED 58 2 0.00 0.53 1.25 
REDUCED 57 2 0.00 0.53 1.23 
REDUCED • 58 2 0.98 0.51 1.25 
REDUCED 57 2 0.98 0.50 1.23 
REDUCED 58 2 1.96 0.49 1.25 
REDUCED 57 2 1.96 0.49 1.23 
REDUCED 58 2 3.43 0.48 1.25 
REDUCED 57 2 3.43 0.49 1.23 
REDUCED 57 2 4.90 0.39 0.83 
REDUCED 58 2 4.90 0.47 1.25 
REDUCED 58 2 6.37 0.47 1.25 
REDUCED 57 2 6.37 0.48 1.23 
REDUCED 58 2 7.84 0.47 1.25 
REDUCED 57 2 7.84 0.48 1.23 
REDUCED 58 2 9.84 0.46 1.25 
REDUCED 57 2 9.84 0.48 1.23 
REDUCED 5 2 19.61 0.43 1.28 
REDUCED 50 2 19.61 0.41 1.20 
REDUCED 6 2 39.22 0.38 1.06 
REDUCED 51 2 39.22 0.42 1.26 
CONV. 16 1 0.00 0.60 1.04 
CONV. 37 1 0.00 0.62 1.07 
CONV. 16 1 0.98 0.53 1.04 
CONV. 37 1 0.98 0.53 1.07 
CONV. 16 1 1.96 0.44 1.04 
CONV. 37 1 1.96 0.46 1.07 
CONV. 16 1 3.43 0.38 1.04 
CONV. 37 1 3.43 0.40 1.07 
CONV. 16 1 4.90 0.41 1.33 
CONV. 37 1 4.90 0.41 1.27 
CONV. 16 1 6.37 0.35 1.04 
CONV. 37 1 6.37 0.36 1.07 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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TILLAGE 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
CONV. 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
NO-TILL 
CORE DEPTH TENSION THETA BULK DENSITY 
NUMBER NUMBER (KPA.) (CC./CC.) (GM /CC.) 
16 1 7.84 0.34 1.04 
37 1 7.84 0.35 1.07 
16 1 9.84 0.33 1.04 
37 1 9.84 0.34 1.07 
17 1 19.61 0.29 1.04 
38 1 19.61 0.26 0.96 
18 1 39.22 0.26 1.01 
39 1 39.22 0.26 1.00 
16 2 0.00 0.50 1.33 
37 2 0.00 0.49 1.27 
16 2 0.98 0.45 1.33 
37 2 0.98 0.44 1.27 
16 2 1.96 0.44 1.33 
37 2 1.96 0.43 1.27 
16 2 3.43 0.42 1.33 
37 2 3.43 0.41 1.27 
16 2 4.90 0.36 1.04 
37 2 4.90 0.37 1.07 
16 2 6.37 0.41 1.33 
37 2 6.37 0.40 1.27 
16 2 7.84 0.40 1.33 
37 2 7.84 0.40 1.27 
16 2 9.84 0.40 1.33 
37 2 9.84 0.39 1.27 
17 2 19.61 0.35 1.13 
38 2 19.61 0.36 1.23 
18 2 39.22 0.36 1.28 
39 2 39.22 0.35 1.27 
13 1 0.00 0.52 1.26 
61 1 0.00 0.55 1.20 
13 1 0.98 0.46 1.26 
61 1 0.98 0.46 1.20 
13 1 1.96 0.44 1.26 
61 1 1.96 0.44 1.20 
13 1 3.43 0.43 1.26 
61 1 3.43 0.42 1.20 
13 1 4.90 0.42 1.35 
61 1 4.90 0.43 1.29 
13 6.37 0.40 1.26 
61 1 6.37 0.40 1.20 
13 1 7.84 0.39 1.26 
61 1 7.84 0.40 1.20 
13 1 9.84 0.38 1.26 
61 1 9.84 0.39 1.20 
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:p til lage core depth tension theta bulk density 
number number (kpa.) (cc./cc.) (gm./cc.) 
2 no-till  14 1 19.61 0.34 1.22 
2 no-till  44 1 19.61 0.35 1.30 
2 no-till  15 1 39.22 0.35 1.32 
2 no-till  45 1 39.22 0.37 1.33 
2 no-till  13 2 0.00 0.46 1.35 
2 no-till  61 2 0.00 0.47 1.29 
2 no-till  13 2 0.98 0.44 1.35 
2 no-till  61 2 0.98 0.45 1.29 
2 no-till  13 2 1.96 0.43 1.35 
2 no-till  61 2 1.96 0.44 1.29 
2 no-till  13 2 3.43 0.42 1.35 
2 no-till  61 2 3.43 0.43 1.29 
2 no-till  13 2 4.90 0.41 1.26 
2 no-till  61 2 4.90 0.41 1.20 
2 no-till  13 2 6.37 0.41 1.35 
2 no-till  61 2 6.37 0.42 1.29 
2 no-till  13 2 7.84 0.41 1.35 
2 no-till  61 2 7.84 0.42 1.29 
2 no-till  13 2 9.84 0.40 1.35 
2 no-till  61 2 9.84 0.42 1.29 
2 no-till  14 2 19.61 0.39 1.37 
2 no-till  44 2 19.61 0.38 1.38 
2 no-till  15 2 39.22 0.40 1.50 
2 no-till  45 2 39.22 0.38 1.39 
2 reduced 10 1 0.00 0.57 1.18 
2 reduced 40 1 0.00 0.59 1.14 
2 reduced 10 1 0.98 0.50 1.18 
2 reduced 40 1 0.98 0.57 1.14 
2 reduced 10 1 1.96 0.46 1.18 
2 reduced 40 1 1.96 0.46 1.14 
2 reduced 10 1 3.43 0.43 1.18 
2 reduced 40 1 3.43 0.44 1.14 
2 reduced 10 1 4.90 0.45 1.34 
2 reduced 40 1 4.90 0.45 1.33 
2 reduced 10 6.37 0.41 1.18 
2 reduced 40 1 6.37 0.41 1.14 
2 reduced 10 1 7.84 0.40 1.18 
2 reduced 40 1 7.84 0.41 1.14 
2 reduced 10 1 9.84 0.39 1.18 
2 reduced 40 1 9.84 0.40 1.14 
2 reduced 11 1 19.61 0.39 1.17 
2 reduced 41 1 19.61 0.37 1.16 
2 reduced 12 1 39.22 0.34 1.11 
2 reduced 42 1 39.22 0.33 1.12 
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i? tillage core depth tension theta bulk density 
number number (kpa.) (cc./cc.) (gm./cc.) 
2 reduced 10 2 0.00 0.51 1.34 
2 reduced 40 2 0.00 0.48 1.33 
2 reduced 10 2 0.98 0.48 1.34 
2 reduced 40 2 0.98 0.47 1.33 
2 reduced 10 2 1.96 0.47 1.34 
2 reduced ,40 2 1.96 0.46 1.33 
2 reduced 10 2 3.43 0.46 1.34 
2 reduced 40 2 3.43 0.46 1.33 
2 reduced 10 2 4.90 0.42 1.18 
2 reduced 40 2 4.90 0.42 1.14 
2 reduced 10 2 6.37 0.45 1.34 
2 reduced 40 2 6.37 0.45 1.33 
2 reduced 10 2 7.84 0.44 1.34 
2 reduced 40 2 7.84 0.45 1.33 
2 reduced 10 2 9.84 0.44 1.34 
2 reduced 40 2 9.84 0.44 1.33 
2 reduced 11 2 19.61 0.43 1.34 
2 reduced 41 2 19.61 0.42 1.33 
2 reduced 12 2 39.22 0.41 1.35 
2 reduced 42 2 39.22 0.41 1.37 
3 conv. 22 1 0.00 0.48 1.33 
3 conv. 33 1 0.00 0.56 1.10 
3 conv. 22 1 0.98 0.45 1.33 
3 conv. 33 1 0.98 0.45 1.10 
3 conv. 22 1 1.96 0.43 1.33 
3 conv. 33 1 1.96 0.41 1.10 
3 conv. 22 1 3.43 0.42 1.33 
3 conv. 33 1 3.43 0.38 1.10 
3 conv. 22 4.90 0.40 1.35 
3 conv. 33 1 4.90 0.39 1.36 
3 conv. 22 1 6.37 0.40 1.33 
3 conv. 33 1 6.37 0.34 1.10 
3 conv. 22 1 7.84 0.39 1.33 
3 conv. 33 1 7.84 0.32 1.10 
3 conv. 22 1 9.84 0.38 1.33 
3 conv. 33 1 9.84 0.31 1.10 
3 conv. 31 1 19.61 0.28 1.14 
3 conv. 32 1 39.22 0.31 1.26 
3 conv. 22 2 0.00 0.46 1.35 
3 conv. 33 2 0.00 0.48 1.36 
3 conv. 22 2 0.98 0.44 1.35 
3 conv. 33 2 0.98 0.43 1.36 
3 conv. 22 2 1.96 0.42 1.35 
3 conv. 33 2 1.96 0.41 1.36 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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tillage 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
core depth tension theta bulk density 
number number (kpa.) (cc./cc.) (gm./cc.) 
22 2 3.43 0.41 1.35 
33 2 3.43 0.40 1.36 
22 2 4.90 0.41 1.33 
33 2 4.90 0.35 1.10 
22 2 6.37 0.39 1.35 
33 2 6.37 0.38 1.36 
22 2 7.84 0.39 1.35 
33 2 7.84 0.37 1.36 
22 2 9.84 0.38 1.35 
33 2 9.84 0.37 1.36 
31 2 19.61 0.32 1.27 
32 2 39.22 0.34 1.36 
19 1 0.00 0.60 1.08 
34 1 0.00 0.59 1.06 
19 1 0.98 0.52 1.08 
34 1 0.98 0.50 1.06 
19 1 1.96 0.45 1.08 
34 1 1.96 0.44 1.06 
19 1 3.43 0.39 1.08 
34 1 3.43 0.39 1.06 
19 1 4.90 0.42 1.36 
34 1 4.90 0.41 1.40 
19 1 6.37 0.35 1.08 
34 1 6.37 0.34 1.06 
19 1 7.84 0.34 1.08 
34 1 7.84 0.33 1.06 
19 1 9.84 0.33 1.08 
34 1 9.84 0.33 1.06 
20 19.61 0.31 1.09 
21 1 19.61 0.28 1.03 
36 1 39.22 0.26 1.00 
35 1 39.22 0.26 1.02 
19 2 0.00 0.49 1.36 
34 2 0.00 0.45 1.40 
19 2 0.98 0.45 1.36 
34 2 0.98 0.43 1.40 
19 2 1.96 0.44 1.36 
34 2 1.96 0.42 1.40 
19 2 3.43 0.43 1.36 
34 2 3.43 0.41 1.40 
19 2 4.90 0.37 1.08 
34 2 4.90 0.36 1.06 
19 2 6.37 0.41 1.36 
34 2 6.37 0.40 1.40 
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:p til lage core depth tension theta bulk density 
number number (kpa.) (cc./cc.) (gm./cc.) 
3 no-till  19 2 7.84 0.41 1.36 
3 no-till  34 2 7.84 0.40 1.40 
3 no-till  19 2 9.84 0.40 1.36 
3 no-till  34 2 9.84 0.40 1.40 
3 no-till  20 2 19.61 0.38 1.39 
3 no-till  21 2 19.61 0.37 1.33 
3 no-till  36 2 39.22 0.35 1.19 
3 no-till  35 2 39.22 0.33 1.12 
3 reduced 25 1 0.00 0.50 1.32 
3 reduced 28 1 0.00 0.53 1.31 
3 reduced 25 1 0.98 0.47 1.32 
3 reduced 28 1 0.98 0.46 1.31 
3 reduced 25 1 1.96 0.45 1.32 
3 reduced 28 1 1.96 0.44 1.31 
3 reduced 25 1 3.43 0.44 1.32 
3 reduced 28 1 3.43 0.43 1.31 
3 reduced 25 1 4.90 0.41 1.33 
3 reduced 28 1 4.90 0.42 1.37 
3 reduced 25 1 6.37 0.41 1.32 
3 reduced 28 1 6.37 0.41 1.31 
3 reduced 25 1 7.84 0.41 1.32 
3 reduced 28 1 7.84 0.41 1.31 
3 reduced 25 1 9.84 0.40 1.32 
3 reduced 28 1 9.84 0.40 1.31 
3 reduced 30 1 19.61 0.33 1.19 
3 reduced 29 1 19.61 0.33 1.24 
3 reduced 26 1 39.22 0.39 1.34 
3 reduced 27 1 39.22 0.36 1.25 
3 reduced 25 2 0.00 0.47 1.33 
3 reduced 25 2 0.00 0.44 1.37 
3 reduced 25 2 0.98 0.45 1.33 
3 reduced 28 2 0.98 0.43 1.37 
3 reduced 25 2 1.96 0.43 1.33 
3 reduced 28 2 1.96 0.42 1.37 
3 reduced 25 2 3.43 0.42 1.33 
3 reduced 28 2 3.43 0.42 1.37 
3 reduced 25 2 4.90 0.42 1.32 
3 reduced 28 2 4.90 0.42 1.31 
3 reduced 25 2 6.37 0.41 1.33 
3 reduced 28 2 6.37 0.41 1.37 
3 reduced 25 2 7.84 0.40 1.33 
3 reduced 28 2 7.84 0.41 1.37 
3 reduced 25 2 9.84 0.40 1.33 
3 reduced 28 2 9.84 0.41 1.37 
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REP TILLAGE CORE DEPTH TENSION THETA BULK DENSITY 
NUMBER NUMBER (KPA.) (CC./CC.) (GM./CC.) 
3 REDUCED 30 2 19.61 0.39 1.40 
3 REDUCED 29 2 19.61 0.36 1.35 
3 REDUCED 26 2 39.22 0.39 1.34 
3 REDUCED 27 2 39.22 0.39 1.36 
122 
APPENDIX F. SOIL VOLUMETRIC WATER CONTENT (THETA) FOR 
0 TO 39.22 KPa TENSION RANGE AT SITE 2 
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TILLAGE CORE DEPTH TENSION THETA BULK DENSITY 
NUMBER NUMBER (KPA.) (CC./CC.) (GM./CC.) 
REDUCED 1 1 0.00 0.53 1.25 
REDUCED 13 1 0.00 0.55 1.23 
REDUCED 1 1 0.98 0.48 1.25 
REDUCED 13 1 0.98 0.48 1.23 
REDUCED 1 1 1.96 0.46 1.25 
REDUCED 13 1 1.96 0.46 1.23 
REDUCED 1 1 3.43 0.45 1.25 
REDUCED 13 1 3.43 0.45 1.23 
REDUCED 1 1 4.90 0.44 1.25 
REDUCED 13 1 4.90 0.44 1.23 
REDUCED 1 1 6.37 0.43 1.25 
REDUCED 13 1 6.37 0.43 1.23 
REDUCED 1 1 7.84 0.42 1.25 
REDUCED 13 1 7.84 0.43 1.23 
REDUCED 1 1 9.84 0.42 1.25 
REDUCED 13 1 9.84 0.42 1.23 
REDUCED 2 1 19.61 0.41 1.34 
REDUCED 14 1 19.61 0.35 1.22 
REDUCED 3 1 39.22 0.36 1.30 
REDUCED 55 1 39.22 0.33 1.15 
REDUCED 1 2 0.00 0.51 1.31 
REDUCED 13 2 0.00 0.48 1.29 
REDUCED 1 2 0.98 0.47 1.31 
REDUCED 13 2 0.98 0.46 1.29 
REDUCED 1 2 1.96 0.46 1.31 
REDUCED 13 2 1.96 0.45 1.29 
REDUCED 1 2 3.43 0.45 1.31 
REDUCED 13 2 3.43 0.44 1.29 
REDUCED 1 2 4.90 0.45 1.31 
REDUCED 13 2 4.90 0.44 1.29 
REDUCED 1 2 6.37 0.44 1.31 
REDUCED 13 2 6.37 0.43 1.29 
REDUCED 1 2 7.84 0.44 1.31 
REDUCED 13 2 7.84 0.43 1.29 
REDUCED 1 2 9.84 0.43 1.31 
REDUCED 13 2 9.84 0.43 1.29 
REDUCED 2 2 19.61 0.41 1.33 
REDUCED 14 2 19.61 0.39 1.37 
REDUCED 3 2 39.22 0.38 1.41 
REDUCED 55 2 39.22 0.38 1.36 
CONV. 7 1 0.00 0.49 1.26 
CONV. 16 1 0.00 0.51 1.24 
CONV. 7 1 0.98 0.43 1.26 
CONV. 16 1 0.98 0.46 1.24 
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TILLAGE CORE DEPTH TENSION THETA BULK DENSITY 
NUMBER NUMBER (KPA.) (CC./CC.) (GM./CC.) 
CONV. 7 1 1.96 0.40 1.26 
CONV. 16 1 1.96 0.44 1.24 
CONV. 7 1 3.43 0.38 1.26 
CONV. 16 1 3.43 0.41 1.24 
CONV. 7 1 4.90 0.36 1.26 
CONV. 16 1 4.90 0.38 1.24 
CONV. 7 1 6.37 0.35 1.26 
CONV. 16 1 6.37 0.37 1.24 
CONV. 7 1 7.84 0.35 1.26 
CONV. 16 1 7.84 0.36 1.24 
CONV. 7 1 9.84 0.34 1.26 
CONV. 16 1 9.84 0.35 1.24 
CONV. 8 1 19.61 0.27 1.12 
CONV. 17 1 19.61 0.30 1.23 
CONV. 9 1 39.22 0.29 1.22 
CONV. 18 1 39.22 0.31 1.31 
CONV. 7 2 0.00 0.48 1.29 
CONV. 16 2 0.00 0.48 1.31 
CONV. 7 2 0.98 0.41 1.29 
CONV. 16 2 0.98 0.42 1.31 
CONV. 7 2 1.96 0.39 1.29 
CONV. 16 2 1.96 0.40 1.31 
CONV. 7 2 3.43 0.37 1.29 
CONV. 16 2 3.43 0.39 1.31 
CONV. 7 2 4.90 0.36 1.29 
CONV. 16 2 4.90 0.38 1.31 
CONV. 7 2 6.37 0.35 1.29 
CONV. 16 2 6.37 0.37 1.31 
CONV. 7 2 7.84 0.35 1.29 
CONV. 16 2 7.84 0.37 1.31 
CONV. 7 2 9.84 0.34 1.29 
CONV. 16 2 9.84 0.36 1.31 
CONV. 8 2 19.61 0.30 1.25 
CONV. 17 2 19.61 0.32 1.30 
CONV. 9 2 39.22 0.32 1.39 
CONV. 18 2 39.22 0.32 1.35 
NO-TILL 4 1 0.00 0.53 1.18 
NO-TILL 10 1 0.00 0.56 1.16 
NO-TILL 4 1 0.98 0.45 1.18 
NO-TILL 10 1 0.98 0.49 1.16 
NO-TILL 4 1 1.96 0.43 1.18 
NO-TILL 10 1 1.96 0.45 1.16 
NO-TILL 4 1 3.43 0.40 1.18 
NO-TILL 10 1 3.43 0.41 1.16 
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:p ti l lage core depth tension theta bulk density 
number number (kpa.) (cc./cc.) (gm./cc.) 
1 no-till  4 1 4.90 0.38 1.18 
1 no-till  10 1 4.90 0.38 1.16 
1 no-till  4 1 6.37 0.37 1.18 
1 no-till  10 1 6.37 0.37 1.16 
1 no-till  4 1 7.84 0.36 1.18 
1 no-till  10 1 7.84 0.36 1.16 
1 no-till  4 1 9.84 0.35 1.18 
1 no-till  10 1 9.84 0.35 1.16 
1 no-till  5 1 19.61 0.29 1.10 
1 no-till  11 1 19.61 0.34 1.26 
1 no-till  6 1 39.22 0.29 1.11 
1 no-till  12 1 39.22 0.31 1.24 
1 no-till  4 2 0.00 0.46 1.36 
1 no-till  10 2 0.00 0.46 1.32 
1 no-till  4 2 0.98 0.43 1.36 
1 no-till  10 2 0.98 0.42 1.32 
1 no-till  4 2 1.96 0.42 1.36 
1 no-till  10 2 1.96 0.41 1.32 
1 no-till  4 2 3.43 0.41 1.36 
1 no-till  10 2 3.43 0.40 1.32 
1 no-till  4 2 4.90 0.41 1.36 
1 no-till  10 2 4.90 0.39 1.32 
1 no-till  4 2 6.37 0.40 1.36 
1 no-till  10 2 6.37 0.39 1.32 
1 no-till  4 2 7.84 0.40 1.36 
1 no-till  10 2 7.84 0.38 1.32 
1 no-till  4 2 9.84 0.39 1.36 
1 no-till  10 2 9.84 0.38 1.32 
1 no-till  5 2 19.61 0.35 1.34 
1 no-till  11 2 19.61 0.36 1.34 
1 no-till  6 2 39.22 0.36 1.39 
1 no-till  12 2 39.22 0.34 1.35 
2 reduced 22 1 0.00 0.46 1.36 
2 reduced 31 1 0.00 0.49 1.31 
2 reduced 22 1 0.98 0.45 1.36 
2 reduced 31 1 0.98 0.45 1.31 
2 reduced 22 1 1.96 0.42 1.36 
2 reduced 31 1 1.96 0.42 1.31 
2 reduced 22 1 3.43 0.40 1.36 
2 reduced 31 1 3.43 0.39 1.31 
2 reduced 22 1 4.90 0.39 1.36 
2 reduced 31 1 4.90 0.37 1.31 
2 reduced 22 1 6.37 0.38 1.36 
2 reduced 31 1 6.37 0.36 1.31 
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:p til lage core depth tension theta bulk density 
number number (kpa.) (cc./cc.) (gm./cc.) 
2 reduced 22 1 7.84 0.37 1.36 
2 reduced 31 1 7.84 0.35 1.31 
2 reduced 22 1 9.84 0.36 1.36 
2 reduced 31 1 9.84 0.35 1.31 
2 reduced 23 1 19.61 0.32 1.37 
2 reduced 32 1 19.61 0.29 1.16 
2 reduced 24 1 39.22 0.32 1.41 
2 reduced 33 1 39.22 0.36 1.39 
2 reduced 22 2 0.00 0.43 1.39 
2 reduced 31 2 0.00 0.42 1.43 
2 reduced 22 2 0.98 0.40 1.39 
2 reduced 31 2 0.98 0.41 1.43 
2 reduced 22 2 1.96 0.39 1.39 
2 reduced 31 2 1.96 0.40 1.43 
2 reduced 22 2 3.43 0.38 1.39 
2 reduced 31 2 3.43 0.39 1.43 
2 reduced 22 2 4.90 0.38 1.39 
2 reduced 31 2 4.90 0.38 1.43 
2 reduced 22 2 6.37 0.37 1.39 
2 reduced 31 2 6.37 0.38 1.43 
2 reduced 22 2 7.84 0.36 1.39 
2 reduced 31 2 7.84 0.37 1.43 
2 reduced 22 2 9.84 0.36 1.39 
2 reduced 31 2 9.84 0.37 1.43 
2 reduced 23 2 19.61 0.34 1.48 
2 reduced 32 2 19.61 0.31 1.27 
2 reduced 24 2 39.22 0.34 1.49 
2 reduced 33 2 39.22 0.34 1.35 
2 conv. 25 1 0.00 0.49 1.32 
2 conv. 28 1 0.00 0.51 1.25 
2 conv. 25 1 0.98 0.46 1.31 
2 conv. 28 1 0.98 0.46 1.25 
2 conv. 25 1 1.96 0.44 1.32 
2 conv. 28 1 1.96 0.43 1.25 
2 conv. 25 1 3.43 0.42 1.32 
2 conv. 28 1 3.43 0.41 1.25 
2 conv. 25 1 4.90 0.41 1.32 
2 conv. 28 1 4.90 0.39 1.25 
2 conv. 25 6.37 0.40 1.32 
2 conw 22 1 6.37 0.38 1.25 
2 conv. 25 1 7.84 0.40 1.32 
2 conv. 28 1 7.84 0.37 1.25 
2 conv. 25 1 9.84 0.39 1.32 
2 conv. 28 1 9.84 0.36 1.25 
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:p til lage core depth tension theta bulk density 
number number (kpa.) (cc./cc.) (gm./cc.) 
2 conv. 26 1 19.61 0.32 1.20 
2 conv. 29 1 19.61 0.32 1.23 
2 conv. 27 1 39.22 0.33 1.31 
2 conv. 30 1 39.22 0.31 1.22 
2 conv. 25 2 0.00 0.42 1.43 
2 conv. 28 2 0.00 0.45 1.41 
2 conv. 25 2 0.98 0.42 1.43 
2 conv. 28 2 0.98 0.43 1.41 
2 conv. 25 2 1.96 0.41 1.43 
2 conv. 28 2 1.96 0.42 1.41 
2 conv. 25 2 3.43 0.41 1.43 
2 conv. 28 2 3.43 0.42 1.41 
2 conv. 25 2 4.90 0.41 1.43 
2 conv. 28 2 4.90 0.41 1.41 
2 conv. 25 2 6.37 0.40 1.43 
2 conv. 28 2 6.37 0.41 1.41 
2 conv. 25 2 7.84 0.40 1.43 
2 conv. 28 2 7.84 0.40 1.41 
2 conv. 25 2 9.84 0.40 1.43 
2 conv. 28 2 9.84 0.40 1.41 
2 conv. 26 2 19.61 0.37 1.40 
2 conv. 29 2 19.61 0.37 1.43 
2 conv. 27 2 39.22 0.35 1.43 
2 conv. 30 2 39.22 0.35 1.38 
2 no-till  19 1 0.00 0.51 1.23 
2 no-till  34 1 0.00 0.52 1.19 
2 no-till  19 1 0.98 0.47 1.23 
2 no-till  34 1 0.98 0.48 1.19 
2 no-till  19 1 1.96 0.44 1.23 
2 no-till  34 1 1.96 0.45 1.19 
2 no-till  19 1 3.43 0.42 1.23 
2 no-till  34 1 3.43 0.42 1.19 
2 no-till  19 1 4.90 0.40 1.23 
2 no-till  34 1 4.90 0.40 1.19 
2 no-till  19 1 6.37 0.39 1.23 
2 no-till  34 1 6.37 0.38 1.19 
2 no-till  19 1 7.84 0.38 1.23 
2 no-till  34 1 7.84 0.37 1.19 
2 no-till  19 1 9.84 0.37 1.23 
2 no-till  34 1 9.84 0.36 1.19 
2 no-till  20 1 19.61 0.33 1.22 
2 no-till  35 1 19.61 0.32 1.20 
2 no-till  21 1 39.22 0.29 1.20 
2 no-till  56 1 39.22 0.31 1.21 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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tillage 
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
reduced 
core depth tension theta bulk density 
number number (kpa.) (cc./cc.) (gm./cc.) 
19 2 0.00 0.51 1.27 
34 2 0.00 0.51 1.28 
19 2 0.98 0.45 1.27 
34 2 0.98 0.45 1.28 
19 2 1.96 0.43 1.27 
34 2 1.96 0.43 1.28 
19 2 3.43 0.41 1.27 
34 2 3.43 0.41 1.28 
19 2 4.90 0.39 1.27 
34 2 4.90 0.40 1.28 
19 2 6.37 0.39 1.27 
34 2 6.37 0.39 1.28 
19 2 7.84 0.38 1.27 
34 2 7.84 0.38 1.28 
19 2 9.84 0.37 1.27 
34 2 9.84 0.38 1.28 
20 2 19.61 0.34 1.26 
35 2 19.61 0.33 1.25 
21 2 39.22 0.31 1.25 
56 2 39.22 0.32 1.27 
40 1 0.00 0.47 1.36 
46 1 0.00 0.45 1.45 
40 1 0.98 0.40 1.36 
46 1 0.98 0.42 1.45 
40 1 1.96 0.37 1.36 
46 1 1.96 0.40 1.45 
40 1 3.43 0.36 1.36 
46 1 3.43 0.38 1.45 
40 1 4.90 0.35 1.36 
46 1 4.90 0.37 1.45 
40 1 6.37 0.34 1.36 
46 1 6.37 0.37 1.45 
40 1 7.84 0.33 1.36 
46 1 7.84 0.36 1.45 
40 1 9.84 0.33 1.36 
46 1 9.84 0.35 1.45 
41 1 19.61 0.27 1.24 
47 1 19.61 0.31 1.41 
42 1 39.22 0.30 1.43 
48 1 39.22 0.30 1.44 
40 2 0.00 0.41 1.38 
46 2 0.00 0.41 1.50 
40 2 0.98 0.37 1.38 
46 2 0.98 0.39 1.50 
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:p til lage core depth tension theta bulk density 
number number (kpa.) (cc./cc.) (gm./cc.) 
3 reduced 40 2 1.96 0.36 1.38 
3 reduced 46 2 1.96 0.38 1.50 
3 reduced 40 2 3.43 0.35 1.38 
3 reduced 46 2 3.43 0.38 1.50 
3 reduced 40 2 4.90 0.34 1.38 
3 reduced 46 2 4.90 0.37 1.50 
3 reduced 40 2 6.37 0.34 1.38 
3 reduced 46 2 6.37 0.36 1.50 
3 reduced 40 2 7.84 0.33 1.38 
3 reduced 46 2 7.84 0.36 1.50 
3 reduced 40 2 9.84 0.32 1.38 
3 reduced 46 2 9.84 0.35 1.50 
3 reduced 41 2 19.61 0.32 1.47 
3 reduced 47 2 19.61 0.31 1.46 
3 reduced 42 2 39.22 0.29 1.45 
3 reduced 48 2 39.22 0.31 1.50 
3 conv. 43 1 0.00 0.50 1.24 
3 conv. 49 1 0.00 0.51 1.25 
3 conv. 43 1 0.98 0.41 1.24 
3 conv. 49 1 0.98 0.44 1.25 
3 conv. 43 1 1.96 0.39 1.24 
3 conv. 49 1 1.96 0.40 1.25 
3 conv. 43 1 3.43 0.36 1.24 
3 conv. 49 1 3.43 0.38 1.25 
3 conv. 43 1 4.90 0.35 1.24 
3 conv. 49 1 4.90 0.36 1.25 
3 conv. 43 1 6.37 0.34 1.24 
3 conv. 49 1 6.37 0.35 1.25 
3 conv. 43 1 7.84 0.33 1.24 
3 conv. 49 1 7.84 0.34 1.25 
3 conv. 43 1 9.84 0.32 1.24 
3 conv. 49 1 9.84 0.33 1.25 
3 conv. 44 1 19.61 0.30 1.22 
3 conv. 50 1 19.61 0.27 1.10 
3 conv. 45 1 39.22 0.28 1.23 
3 conv. 51 1 39.22 0.28 1.12 
3 conv. 43 2 0.00 0.46 1.36 
3 conv. 49 2 0.00 0.47 1.26 
3 conv. 43 2 0.98 0.42 1.36 
3 conv. 49 2 0.98 0.42 1.26 
3 conv. 43 2 1.96 0.40 1.36 
3 conv. 49 2 1.96 0.40 1.26 
3 conv. 43 2 3.43 0.38 1.36 
3 conv. 49 2 3.43 0.38 1.26 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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3 
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tillage 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
conv. 
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
no-till  
core depth tension theta bulk density 
number number (kpa.) (cc./cc.) (gm./cc.) 
43 2 4.90 0.37 1.36 
49 2 4.90 0.36 1.26 
43 2 6.37 0.36 1.36 
49 2 6.37 0.35 1.26 
43 2 7.84 0.35 1.36 
49 2 7.84 0.34 1.26 
43 2 9.84 0.34 1.36 
49 2 9.84 0.33 1.26 
44 2 19.61 0.31 1.26 
50 2 19.61 0.31 1.26 
45 2 39.22 0.29 1.29 
51 2 39.22 0.30 1.31 
37 1 0.00 0.48 1.35 
52 1 0.00 0.47 1.35 
37 1 0.98 0.45 1.35 
52 1 0.98 0.43 1.35 
37 1 1.96 0.43 1.35 
52 1 1.96 0.42 1.35 
37 1 3.43 0.42 1.35 
52 1 3.43 0.41 1.35 
37 1 4.90 0.41 1.35 
52 1 4.90 0.40 1.35 
37 1 6.37 0.40 1.35 
52 1 6.37 0.39 1.35 
37 1 7.84 0.39 1.35 
52 1 7.84 0.38 1.35 
37 1 9.84 0.38 1.35 
52 1 9.84 0.37 1.35 
39 1 19.61 0.33 1.34 
53 1 19.61 0.35 1.34 
38 1 39.22 0.32 1.37 
54 1 39.22 0.34 1.26 
37 2 0.00 0.46 1.40 
52 2 0.00 0.44 1.43 
37 2 0.98 0.44 1.40 
52 2 0.98 0.42 1.43 
37 2 1.96 0.42 1.40 
52 2 1.96 0.41 1.43 
37 2 3.43 0.41 1.40 
52 2 3.43 0.40 1.43 
37 2 4.90 0.41 1.40 
52 2 4.90 0.39 1.43 
37 2 6.37 0.40 1.40 
52 2 6.37 0.39 1.43 
131 
:p t i l lage core depth tension theta bulk density 
number number (kpa.) (cc./cc.) (gm./cc.) 
3 no-till  37 2 7.84 0.40 1.40 
3 no-till  52 2 7.84 0.39 1.43 
3 no-till  37 2 9.84 0.39 1.40 
3 no-till  52 2 9.84 0.38 1.43 
3 no-till  39 2 19.61 0.35 1.44 
3 no-till  53 2 19.61 0.35 1.35 
3 no-till  38 2 39.22 0.33 1.41 
3 no-till  54 2 39.22 0.36 1.38 
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APPENDIX G. FORTRAN PROGRAM USED TO APPLY THE CAPILLARY 
PORE RADIUS MODEL 
133 
//B296RLH JOB U4260,RLH 
/•'••KEY 
/-••ROUTE PRINT LOCAL 
// EXEC WATFIV 
//GO.SYSIN DD * 
$JOB 'RH',TIME=5,PAGES=15 
REAL M,MLOW,MHIGH,ML,MH 
COMMON THETA(20),PF(20),DPF(20),CINV(20),R(20) ,X(100),Y(100) 
COMMON X5(100),EPF(100),TLG(100) 
HILL=0 
NDATA=12 
ND=NDATA-1 
READ(5,2) SAT 
2 FORMAT(F6.2) 
READ(5,20) (THETA(I),PF(I),1=1,NDATA) 
20 FORMAT(2F6.2) 
PRINT,'SATURATED WATER CONTENT = ' ,SAT 
WRITE(6,6) 
6 FORMAT(IHl,' THETA TENSION') 
WRITE(6,23) (THETA(I),PF(I),I=1,NDATA) 
23 FORMAT(IH ,2F10.3) 
DO 21 1=1,NDATA 
21 PF(I)=ALOG10(PF(I)) 
RES=0.254 
DPF(1)=PF(1)/(THETA(l)-SAT) 
DO 26 1=2,NDATA 
DPF(I)=(PF(I)-PF(I-1))/(THETA(I)-THETA(I-1)) 
26 PRINT,DPF(I) 
DO 45 1=2,NDATA 
45 DPF(I-l)=(DPF(I-l)+DPF(I))/2. 
DIFF=SAT-RES 
DO 24 1=1,NDATA 
24 THETA(I)=1.-(THETA(I)-RES)/DIFF 
A=1485. 
A=AL0G10(A) 
SUM=0. 
DO 25 1=1,NDATA 
R(I)=A-PF(I) 
25 SUM=SUM+R(I) 
XBAR=SUM/NDATA 
Cl=2.515517 
C2=0.802853 
03=0.010328 
01=1.432788 
D2=0.189269 
D3=0.001308 
SUM=0. 
WRITE(6,7) 
7 FORMAT(IHO,' LOG R CINV') 
DO 60 1=1,NDATA 
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IF(THETA(I).GT.0.5) GO TO 62 
T^SQRTCALOG(1./(THETA(I)*THETA(I)))) 
CINV(I )=T- (C1+C2'-T+C3--T*T) / ( 1+D1*T+D2*T*T+D3*T^'-T''rr) 
WRITE(6,23) R(I),CINV(I) 
GO TO 60 
62 THETA(I)=1.-THETA(I) 
T=SQRT ( ALOG ( 1. / (THETA ( I ) -''THETA (I)))) 
CINV (I )=T- (C1+C2*T+C3*T:':T) / ( 1+D1*T+D2*T^''T+D3"T^-T^'>T) 
CINV(I)=-CINV(I) 
THETA(I)=1-THETA(I) 
WRITE(6,23) R(I),CINV(I) 
60 SUM=SUM+CINV(I) 
YBAR=SUM/NDATA 
C:'-'-''CALCULAT COEFFICIENTS 
SUM1=0. 
SUM2=0. 
DO 30 1=1,NDATA 
TERM1= (R ( I ) -XBAR)* (CINV ( I ) -YEAR) 
TERM2= (R ( I ) -XBAR)* (R (I) -XBAR) 
SUM2=SUM2+TERM2 
30 SUM1=SUM1+TERM1 
SUM1=SUM1/SUM2 
B=YBAR-(SUMl-'-XBAR) 
AVG=0 
VAR=0 
DO 33 1=1,NDATA 
AVG=AVG+CINV(I) 
33 VAR=VAR+CINV(I)*CINV(I) 
AVG=AVG/NDATA 
VAR=VAR/(NDATA-1)-AVG*AVG 
SSM=0 
DO 34 1=1,NDATA 
CC=(R(I)"SUM1)+B 
34 SSM=SSM+(CINV(I)-CC)'^^2 
SSM=SSM/(NDATA-1) 
R2=(VAR-SSM)/VAR 
PRINT,'COEFFICIENT OF DETERMINATION,R2=',R2 
SSQB=10. 
X3=l.00 
DO 40 1=1,99 
X3=X3-0.01 
X5(I)=(1.-X3)*DIFF+RES 
IF (X3.GT.0.5) GO TO 42 
T=SQRT(ALOG(1./(X3*X3))) 
X4=T- (C1+C2"T+C3--T'''T) / ( 1+D1"T+D2*T''-T+D3*T-"T'^) 
GO TO 40 
42 XX3=1.-X3 
T=SQRT(ALOG(1./(XX3*XX3))) 
X4=T- (C 1+C2"T+C3"T^'T) / ( 1+D 1*T+D2*T:''T+D3*T*T*T) 
X4=-X4 
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40 EPF(I)=(SUM1*A+B-X4)/SUM 1 
CALL GRAPH(99,X5,EPF,5,2,8.,7.,0.00,0.00,0.0,0.00,'THETA; ', 
$ 'PF;',' NO TILL AG RES SITE;',';') 
M=-(B/SUM1) 
S=1/SUM1 
DEL=0.0001 
WRITE(6,54) 
54 FORMAT (IHO,'THETA DTHETA CINV DC INV PFl PF2 DPF') 
55 DO 50 1=1,NDATA 
DTHETA=THETA(I)-DEL 
IF(DTHETA.GT.0.5) GO TO 51 
T=SQRT(ALOG( 1. / (DTHETA'-DTHETA) ) ) 
DCINV=T- (Cl+C2-'-T+C3-'-T*T) / ( 1+D1*T+D2*T*T+D3*T'-T^-T) 
GO TO 52 
51 DTHETA=1-DTHETA 
T=SQRT(AL0G(1./(DTHETA*DTHETA))) 
DCINV=T- (C1+C2-''T+C3*T''-T) / ( 1+D1*T+D2*T-"T+D3''^-T*T) 
DCINV=-DCINV 
DTHETA=1-DTHETA 
52 CONTINUE 
PF1=(A-M)-S*CINV(I) 
PF2=(A-M)-S*DCINV 
DPF(I)=(PF1-PF2)/DEL 
50 PRINT,THETA(I),DTHETA,CINV(I),DCINV,PFl,PF2,DPF(I) 
WRITE(6,1) 
1 FORMAT(IHl,' MEAN STD.DEV. SSQ') 
CHECK=100. 
DELTM=.010 
DELTS=.010 
66 CALL WEIGHT(NDATA,M,S,SSQ) 
WRITE(6,4) M,S,SSQ 
4 FORMAT(IH ,2F8.4,F15.10) 
IF(CHECK.LE.SSQ) GO TO 89 
CHECK=SSQ 
ML=M-DELTM 
CALL WEIGHT(NDATA,ML,S,SSQl) 
MH=M+DELTM 
CALL WEIGHT(NDATA,MH,S,SSQ2) 
IF(SSQ-SSQl) 70,70,71 
70 GO TO 73 
71 IF(SSQ1-SSQ2) 74,74,73 
74 MH=M 
M=ML 
ML=M-DELTM 
SSQ=SSQ1 
GO TO 78 
73 IF(SSQ-SSQ2) 75,75,76 
75 GO TO 78 
76 ML=M 
M=MH 
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MH=M+DELTM 
SSQ=SSQ2 
78 SL=S-DELTS 
CALL WEIGHT(NDATA,M,SL,SSQ1) 
SH=S+DELTS 
CALL WEIGHT(NDATA,M,SH,SSQ2) 
IF(SSQ-SSQl) 80,80,81 
80 GO TO 83 
81 IF(SSQ1-SSQ2) 84,84,83 
84 SH=S 
S=SL 
SL=S-BELTS 
SSQ=SSQ1 
GO TO 88 
83 IF(SSQ-SSQ2) 85,85,86 
85 GO TO 88 
86 SL=S 
S=SH 
SH=S+DELTS 
SSQ=SSQ2 
88 GO TO 66 
89 HILL=HILL+1 
IF(HILL.LE.1) GO TO 55 
WRITE(6,90) 
90 FORMAT(IHO,'MEAN PORE RADIUS (MICRONS) 95 PROBABILITY') 
TERM=EXP (M--ALOG ( 10. )+0. 5*(S*AL0G (10.) )**2 ) 
ALPHA=10.-«^(M-1.96"S) 
BETA=10. (M+1.96" S ) 
WRITE(6,91)TERM,ALPHA,BETA 
91 FORMAT(IH ,8X,F6.1,16X,2F8.1) 
C WRITE(6,92) 
C 92 FORMAT(IHl,'CONFIDENCE INTERVAL FOR MEAN (95)') 
XX=NDATA 
TERM=SQRT(XX) 
C WRITE(6,93)ALPHA,BETA 
C 93 FORMAT(IH ,2F10.1) 
F=0.1733/S 
RANGE=BETA-ALPHA 
TLG(l)=-4 
X(1)=10^''%G(1) 
Y(1)=100:':(F/X(1))*EXP(-(ALOG10(X(1))-M)^^^2/(2*S*S)) 
DO 31 1=2,100 
TLG(I)=TLG(I-l)+0.08 
X(I)=10*"TLG(I) 
Y(I)=100*(F/X(I))*EXP(-(ALOG10(X(I))-M)**2/(2*S*S)) 
31 WRITE(6,32) X(I),Y(I) 
32 FORMAT(IH ,2F10.5) 
CALL GRAPH(100,TLG,Y,1,2,-8.,7.,0.5,-4.,0.0,0.0,'PORE RADIUS 
$ (UM);','FREQUENCY;',' NO TILL AG RES SITE;',';') 
STOP 
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END 
C 
C 
SUBROUTINE WEIGHT(N,Xl,yi,Z) 
IS SUM OF SQUARED RESIDUALS OF PF CURVE''-"-
COMMON THETA(20),PF(20),DPF(20),CINV(20),R(20),X(100),Y(100) 
COMMON X5(100),EPF(100),TLG(100) 
z=o. 
DO 10 1=1,N 
PPF=(3.172-X1)-Y1''-CINV(I) 
DIFF=PF(I)-PPF 
TERM=DIFF/DPF(I) 
TERM=TERM--TERM 
10 Z=Z+TERM 
RETURN 
END 
$ENTRY 
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APPENDIX H. SERIES OF THREE SAS PROGRAMS USED TO APPLY 
THE CAPILLARY PORE RADIUS MODEL 
139 
Program 1 regresses soil water tension (pF) against the cumulative 
inverse of the volumetric water content to obtain a slope that may 
be used in the calculation of a weighting factor. 
// EXEC SAS 
//SAS.SYSIN DD * 
DATA A; 
INPUT THETA TENSION; 
PF=L0G10(TENSION); 
A=.1485; 
LR=L0G10(A) - PF; 
RES=.260; 
SAT=.524; 
THETAPR= (THETA-RES) / (SAT-RES) ; 
INTHETA=PROBIT(THETAPR) ; 
CARDS; 
PROC PRINT;VAR THETA TENSION PF THETAPR INTHETA LR; 
PROC GLM; 
MODEL PF=INTHETA / SOLUTION P; 
/ /  
Program 2 uses a weighted regression of the base ten logarithm of 
the pore radius (LR) against the cumulative inverse of the volumetric 
water content to determine estimates of the pore radii population 
mean and variance. 
// EXEC SAS 
//SAS. SYS IN DD 
DATA A; 
INPUT THETA TENSION; 
PF=L0G10(TENSION); 
A=1485; 
LR=L0G10(A) - PF; 
RES=.260; 
SAT=.524; 
THETAPR=(THETA-RES)/(SAT-RES); 
INTHETA=PROB IT (THETAPR ) ; 
CARDS; 
DATA B;SET A; 
SLOPE= -.66333; 
W= ( - SLOPE ) / ( ( 1 / SQRT ( 2*3.14 ) ) * EXP ( -. 5* ( INTHETA*INTHETA) ) ) ; 
WD=W/(SAT-RES); 
WDS=1/(WD*WD); 
PROC PRINT;VAR THETA TENSION PF THETAPR INTHETA LR W WD WDS; 
PROC GLM; 
MODEL LR = INTHETA; 
WEIGHT WDS; 
/ /  
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Program 3 segmentally integrates the log normal density function of 
the pore radii. 
// EXEC SAS 
//SAS.SYSIN DD * 
DATA A; 
INPUT C REP TILL $ DEPTH M S; 
LRPO1=2.17172645; 
LRP1=1.17172645; 
LR1=0.17172645; 
LR5=-0.52724355; 
LR15=-1.00436481; 
A=PROBNORM((LRPO1-M)/S); 
B=PR0BN0RM((LRP1-M)/S); 
C=PROBNORM((LR1-M)/S); 
D=PR0BN0RM((LR5-M)/S); 
E=PR0BN0RM((LR15-M)/S); 
GTP01=1-A; 
P01TP1=A-B; 
P1T0NE=B-C; 
ONETF=C-D; 
FT15=D-E; 
LT15=E; 
ALPHA=EXP((M*LOG(10))+(0.5*((S*LOG(10))*(S*LOG(10))))); 
CARDS; 
PROC PRINT;VAR C REP TILL DEPTH M S ALPHA; 
PROC PRINT;VAR C REP TILL DEPTH A B C D E ; 
PROC PRINT;VAR C REP TILL DEPTH GTPOl POITPI PITONE ONETF FT15 LT15; 
PROC SORT;BY TILL DEPTH; 
PROC MEANS NOPRINT;BY TILL DEPTH; 
VAR GTPOl POITPI PITONE ONETF FT15 LT15; 
OUTPUT OUT=NEW MEAN=MGTP01 MPOITPI MPITONE MONETF MFT15 MLT15; 
PROC PRINT;VAR TILL DEPTH MGTPOl MPOITPI MPITONE MONETF MFT15 MLT15; 
// 
